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ABSTRACT

The MILSTOL (MILitary STOL) takeoff and landing digital computer program was
developed under USAF Contract F33615-71-C-1754, "STOL Tactical Aircraft Investi-
gation," to compute takeoff and landing characteristics of powered-lift STOL aircraft.
It calculates a point mass takeoff and/or landing for a trimmed configuration Yith
either externally blown jet flaps, internally blown jet flaps, or mechanical flaps with

vectored thrust within the constraints set forth in Reference 1. Contained In this
• ~report are: i

1. Discussion of assumptions and methods used in the trajectory calculations.

2. Definition of common list variables.

3. Definition of the input variables and sample input data for the externally
blown Jet flap configuration. {

4. Sample output for the externally blown flap configuration.

E ': 5. Program listings and flow charts.

, The program Is wr'k,.,' in Fortran IV for use on CDC 6000 series digital computers
reqvires 37 Ks central memory for loading and execution. The program is corn- 4

patable wIn both the CDC RUN and FTN compiler systems.
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SECTION 1
INTRODUCTION

The military STO!. takeoff and landing digital computer program (MILSTO0L - Convair
Aerospace Division, San Diego C ,mratlon, scientific computer program P6592) was
developed to calculate the takeoff and landing performance of powered-lift STOL air-
craft. The performance calculations are made using exact two-degree-of-freedom
equations of motion for a point mass aircraft (i.e., no pitch dynamics). The program
was developed from the takeoff portion of the Aircraft Performance Analysis System,
Rleference 2, and uses data handling, equations of motion, and general use subroutines
fromi that program.

The takeoff portion of the MfL4S1OL program performs a coristant-woight "balanced"
takeoff from zero forward speed, to liftoff and to stop, within the constraints shown in
Figure I-1, for a matrix of gross weights and runway altitudes. Velocity cues for
engine failure, rotation, and liftoff are factors times the minimumn control speed and

K.; the stall speed with power on and the critical engine failed.

The landing phase of this program perform a "no-flare" style landing approach,
touchdown, and deceleration to stop for the input matrix of gross weights and runway
altitudes. Velocity cues for approach and touchdown speeds are functions of the
minimum control speed aid power-on stall speed. with the critical engine failed. The
landing trajectory is calculated withiji the constraints shown in Ftigue 1-2. Aero- .

'a,
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dynamlc and propulsion data is input In tabular form and is handled by individual
modularized subroutines. The atmospheric properties auLroutlno Is compatiblo with
';be 1962 U. S tamard Atmosphere and the MIL-STD-210A temperature conditions.

•" R/'S 1' 000 FPM

S2/3 GEARt D1ESI"R~/S

Sj• "• f OP

2 SEC
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Figure 1-2. LiaMing Ground Hulos for STAI.
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SE~CTION 2

PROGRIAM DISCUSSiON

The subroutines in the MILSTOL program are classified into five functional cate-
gories.

1. Executive Program

2. Maaeuver Driving Subroutines

3. Physical Data Subroutines

4. General Use Subroutines

5. Data Handling Subroutines

Programn flow and structure are shown in Figure 2-1; each program subroutine is
discussed by ftunctional category in the following sections.

L EXEUTIVEDUMP OVERLAYPROGRAM L-
"t MILSTOL" PO A

MANEUVER
DRIVING ROUTINES
"TAKEOFF'
"LANDING"

GENERAL USE ROUTIN ES
R( UTINE'S 'AR

'ATQSTI"

"GINTOj"

",NWR12", DATA HANDLING
",SM LT211 SUBROUTINES

"ALIN", "FIND"
SKU "INIl. 2", "KABD"

'TRIM1 LAGRA"

Figwe 2-1. MILSTOL Functionial Structure.
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22.1 EXECUTIVE PROGRAM (MILSTOL)

The Executive Program controls the reading of Inputs, the initializing of weights,
altitudes, and temperature, and execution of the appropriate trajectory subroutine
for the given weight and altitude matrix. In addition, a Dump Overlay program is

included in the MILSTOL procedure. This Dump Overlay program is executed only

in the event of a fatal error. At the time of the abnormal termination, the Dump

Overlay program is loaded from a local file and prints a listing of all common list

variables in Namelist format.

2.2 MIANEUVER DRIVING SUBROUTINES

Two maneuver subroutines, TAKEOFF and LANDING, are inorporated in the
MILSTOL program.

2.2.1 TAKEOFF Tr:. ;I •TORY SUBROUTINE (TAKEOFF) - The TAKEOFF sub-

routine is the driver for all portions of the takeoff maneuver. Ground rules and
constraints for this maneuver are shown in Figure 1-1. This subroutine reads tra-

jectory-related variables (e. g., rolling and braking coefficients of friction, time de-
lays, minimum control speeds, etc.) executes the takeoff calculation procedure, ad-
justs the engine failure speed to balance the continued and aborted takeoffs, and causes
the takeoff time history to be output.

Because of the balanced-type takeoff specified by the ground rules and to ensure
efficient program operation, the takeoff is not calculated as a continuous function of

time. Instead, the program is divided into segments. The sequence of calculations
is:

1. Stall speed with power on and the critical engine failed is calculated. Liftoff

speed is set using the air minimum control speed and stall speed. The initial

value of engine failure speed is set equal to ground minimum control speed.

2. Angle of attack for liftoff is calculated with the critical engine failed. If the

ground contact angle (the angle for the tail striking the ground during rotation)
is exceeded, liftoff speed is increased by one percent of the air minimum

control speed or power-on stall speed. At this point, the pertinent aircraft
conditions are output. When the conditions for liftoff are established, maxi-
murm rate of climb at the liftoff speed is calculated and output.

3. The first segment of the takeoff is calculated with the critical engine failed

by integrating time and tangent7al acceleration, along with the input rotation
rate in a negative sense from liftoff speed to rotation speed to obtain velocity,
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distance, and aircraft attitude. The integration is terminated when the air-
craft pitch attitude is zero, and a check is made to ensure that the rotation
velocity is greater than the selected engine failure speed and the ground mini-
mum con•tv)l speed. If this crierion is not satisfied, the liftoff speed Is
increased using an empirical relationship. The program then returns to

* - Step 2 and continues until the rotation velocioy cliterion is satisfied.

4. If rotation velocity is greater than engine failure speed, time and tangential
accelerptioti are integr'ted, 4n a negative sense fromn the rotaLion
velocity to the engine failure speed, with the critical engine failed to obtain
velocity and distance. This distance is the second takeoff segment and, when
added to the first segment from Step 3, is the "continued takeoff" Aistance
used in the field-balancing relationship.

5. The distance for the "aborted takeoff" used in balancing the field length is
calculated by integrating, in a positive sense, the time and tangential ac-
celeration variables from engine failure speed to stop for velocity and dis-
tance with the critical engine failed. During the integration, engines are
set to Idle after the reaction time and the deceleration devices (brakes, lift
dumpers, and reverse thrust) are deployed at the end of an actuation time
interval.

6. The "continued takeoff" distance, Steps 3 and 4, and the "aborted takeoff'
distance are then used in a Ilnear convergence procedure to adjust the engine
failure speed so that these distances are equal. After the new engine-failure
speed is selected, the program returns to Step 2 and calculates new "continued"
and "aborted" takeoff distances. If the "aborted takeoff" distance is greater
than or equal to the "continued takeoff" distance and the engine failure speed
Is equal to the ground minimum control speed, the takeoff is by definition
balanced and the program continues.

7. After the preceding steps have balanced the takeoff distance, time and
tangential acceleration are integrated from start to the engine
failure speed (with all engines operating) for velocity and distance. Sum-
mations of the distances from Steps 3 and 4 with this distance and the
distance from Step 5 comprises the balanced takeoff distance for this con-
figuration.

2.2.2 LANDING TRAJECTORY SUBROUTINE (LANDING) - The LANDING sub-
routine is the driver for all portions of the landing maneuver. Ground rules and
constraints for the landing traj-actory are shown in Figure 1-2. This subroutine reads
trajectory-related inputs, executes the landing calculation procedure, and outputs a
landing trajectory time history for the input configuration.
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Tite sequence of calculations is:

1. Stall speed with power on and the critical engine failed is calculated. The
approach speed that conforms to the ground rules of Figure 1-2 is set using
the air minimum control speed and the power-on stall speed.

2. Angle of attack at touchdown is calculated with all engines operating. If the
pitch attitude exceeds the ground contact angle, the approach speed is in-
creased by one percent of the power-on stall speed. If the rate of sink at
touchdown exceeds the input maximum, the glideslope angle is reduced so
that the rate of sink limit is met. If the configuration attitude is such that the
nosewheel hits first, the program prints an error message and returns
control to tOu executive routine. When all touchdown criteria are satisfied,
the prueram outputs the conditions at touchdown and calculates the maximum
-ate of climb available at touchdown speed with the critical engine failed.

J. Thr prugram then calculates angle of attack at the obstacle (with all engines
operating). This calculation is prformed at the approach speed calculated
in Step 2. Aircraft conditions at the obstacle are output along with the maxi-
mum rate of clirib available with ;he critical engine failed. This calculation
is made at the obstacle to account for ground effects.

4. Landing air distance is calculated by performing a one-step integration using
the velocities from Stops 2 and 3.

5. After touchdown, the program performf, a step-wise integration from touch-
down to stop to cIculate ground distance. During this integration, engines
are set to idle power, aircraft attitude ib rotated down to zero, and deceleration
devices (brakes, lift dumpers, and reverse thrust) are Acpioyed, after allow-
ing for actuation time delay.

6. Total landing distance is the summation of distances from Steps 4 and 5.

2.3 PHYSICAL DATA SUBROUTINES

ATMOS, AEROI, and THSTI are the three physical data subroutines in the MILSTOL
program. These subroutines read !nputs and store, retrieve, ,nd calculate the
atmospheric, aerodynamic, and propulsion characterist.cs required to solve the
equations of motion.

2.3.1 ATMOSPHERIC PD1OPERTIES SUBROUTINE (ATMOS) - The ATMOS sub-
routine supplies the program with ambient temperature, pressure, density ratio,
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and speed of sound as a function of altitude and type of day or an input temperature.
The temperature/type of day options available are:

1. U.S. Standard Atmosphere, 1962.

2. MIL-STD-210A Tropic Day.

3. MIL-STD-210A Polar Day.

4. MIL-STD-210A Hot Day.

5. MIL-STD-210A Cold Day.

6. An input temperature in ° F.

These options all use the standard day pressure altitude relationship In the cal-
culation procedure. Options 1 through 5 use the appropriate temperatures from
References 3 and 4.

2.3.2 AERODYNAMIC DATA SUBROUTINE (AERO1) - This subroutine was develop-
ed to store and retrieve trimmed aerodynamic data for configurations with externally
blown jet flaps, internally blown jet flaps, and mechanical flaps with vectored thrust,
Conventional configurations without thrust augmented lift can be used by either modify-
ing the table lookup procedure or by entering the power-off data for four dummy thrust
coefficients and using the mechanical flap plus vectored thrust option.

AERO1 has two entries: AERO1, which retrieves maximum lift characteristics as a
function of flap deflection and momentum coefficient, and AERO2, which retrieves
lift and drag data as a function of flap deflection, angle of attack, and momentum
coefficient. The inputs to this subroutine are geometric data, configuration type,
and aerodynamic data tables.

Because of the differences in methods for estimating aerodynamic data for each of
the three configurations, there is a unique method of storing and retrieving the data
for each of the three. The externally blown jet flap data includes all direct and in-
direct thrust effects. The internally blown jet flap data includes all thrust effects
due to trailing edge slot blowing but none of the thrust effects dwu( to the cruise
engines. The mechanical flap plus vectored thrust sequence assumes that the aero-
"dynamic data includes all indirect thrust effects including any supercirculatlon
effects, but none of the direct thrust vector effects.

All additional items that degrade the aerodynamic data (e.g., lift dumpers,
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engine out corrections, etc.) are cued from the trajectory subroutines and are
included in the final lift and drag values before returning to the calling subroutine.

Retrieval and calculation of the aerodynamic characteristics with the critical engine
failed are handled in the same manner for all configurations. In this calculation
scheme, it is assumed that the input aerodynamic data tables are valid for either
the all-engines-operating or the one-engine-failed condition if a later correction
is made to compensate for engine-out moments. The correction for trimming of
engine-out moments are input increments to lift and drag. Configuration design
and aerodynamic conditions that allow this assumption are:

1. All internally blown jet flap configurations are assumed to have cross-ducting
so that the spanwise distribution of blowing is always symmetric.

2. Engine-out degradation in the mechanical flap plus vectored thrust con-
figurations is due to the loss of the thrust vector component, not loss of
aerodynamic Wft.

3. For configurations with externaly blown jet flaps, the aerodynamic charac-
teristics are a function of total thrust coefficient. Analysis of the data in

Reference 5 shows that aerodynamic lift and drag characteristics are the
same for a given total thrust coefficient, whether or not an engine is failed,
if the moments due to the engine failure are not trimmed. The lift and drag
increments due to trimming the engine-out rolling atid yawing moments are
incorporated as stated above.

2.3.3 PROPULSION CHARACTERISTICS SUBROUTINE (THST1) - The THST1 sub-
routine is used for storing %.nd retrieving single-altitude propulsion characteristics
for all three powered lift configurations. Inputs to this routine are in the form of
single-altitude maximum gross thrust, ram drag at maximum thrust, idle gross
thrust, maximum reverse thrust, windmllling drag of a single engine, and maximum
gross thrust at the slot exit for internally blown Jet flap configurations as a function
of velocity. Procedures have been incorporated so that reverse thrust is always
symmetric in the engine-out case.

2.4 GENERAL USE SUBROUTINES

There are eight general use subroutines in the MILSTOL program. These areI general purpose subroutines extracted from Referenoe 2 and have applications outside
of the MILSTOL program. These subroutines perform integrations, print page
headings, handle equations of motion, and provide the logic for convergence pro-
cedures. Each of these subroutines is described in alphabetical order in the follow-
ing paragraphs.
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2.4,1 AEQFM - To maintain consistency between different programs and cal-
culations, all equation-of-motion calculations are performed using the AEQFM
subroutine. Figure 2- 2 shows the axis systems, forceso and angles used in the two-
degree-of-freedom calculations. Equations 1 and 2 are balanced for the appropriate

T(.$
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Figure 2-2. Force and Angle System Used In the MILSTOL Program.

flight condition. When acceleration or deceleration on the ground is required, an
additional term is added to Equation 1 to account for the ground friction force. All
accelerations in Equations 1 and 2 are converged simultamously using the TRIM and
SMLT2 subroutines.*1 ~ ~2.4. 2 GILL - This is an Intearafti subrounct~i A4 uss 0*e method develoDed bv
S. Gill (Reference 6), to provide fouxtb-order accuracy while requiring a minimum
number of storage registers. The subroutiw requines four passes to accowVpish
tbm Integraualg step..

Pass One. Take derivatives at te stait of the inral and predict conditions
at the middle of the intorva.l

Pass Xwo Take derivatives based oi, predictd c.onditions at the mid-intrval
and combine with derivatives from first pass to predict conditions at the mid-I ~intrval.
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Pass Three. Take derivatives based on latest estimate of mid-interval
conditions and combine with derivatives from first two passes to predict end-of-
interval conditions.

Pass Four. Take derivatives based on enC 4f-interval conditions and combine
with derivatives from other passes to calculaw conditions at the end of the
interval.

This process is repeated for each integration step. The calling subroutine, GINTG,
keeps track of the number of passes and checks for terminations after four passes.

2.4.3 GINTG - This subroutine is the driver for trajectory integrations. It calls
the equations-of-motion subroutine (AEQFM) for accelerations, then the GILL sub-
routine to integrate for velocities, distances, and aircraft attitude.

2.4.4 HEAD SUBROUTINE - This subroutine Is used for printing columnar headings
in the time history printout.

2.4.5 NWRP2 - This is a Newton-Wrapson iteration subroutine which determines the
value of x that will return y equal to zero based on a linear prediction using two
previously calculated points.

2.4.6 SKIP - This is an output formatting subroutine that starts a new page, prints
a standard page heading, and restarts the line count.

2.4.7 SMLT2 - This subroutine performs a simultaneous equation solution, using
derivatives from subroutine TRMI1, to obtain Increments to the independent variables
that will result in the desired accelerations for subroutine AEQFM.

2.4.8 TRIM - This subroutine controls the systenmatic perturbation of independent
variables and stores the variation of each acceleration with respect to each variable
as a derivative.

22. 5 DATA HANDLING SUBROUTINES

The M•LSTOL program uses five -brutl mn and two fune'doms whose solo purpose
is data handling. These routines fit curves to data, evaluate cive fits., nd per-
form table look-ups. Those routines and tunctioas are discumsed In alphabetical
order in the following paragraphs.

2.S.1 ALIN - This function makes a linar fit botvwon tu(x,y) points.

2. 5. 2 FIND - This subroutne porforms a ow-dimeulonail liwar Introolatio

S~2-8



within a data table. For arguments greater than or less than the table, a linear
extrapolation is performed.

2.5.3 INTP2 - Subroutine INTP2 fits a third-order polynomial through four (x~y)

points, returns tde coefficients , and returas a y-answer for an x-argument.

2.5.4 KABD -The subroutine evaluates a hyperbolic fit by returning a y-answer
for an x-argument of the equation y = K/(x-A) + B + D x, where coefficients, K, As
B , and D are provided in the calling list.

2.5.5 LAGRA - Subroutine LAORA returns a y-answer for an x-argument using
a Lagranglan interpolation on four (x~y) points.

2.5.6 LOOK - Originally written to handle three-dimensional tabulated thrust and
fuel flow data, this subroutine has been developed into a more general form that can

& ~ handle any three-dimensional tabular data. The LOOK subroutine performs the table
lookup using a non-linear technique the basis of which Is the LAGRA subroutine. A
has four options for locating data and it can also return derivatives with respect to
three Independent variables using a four-pin interpolation of each independent varil
able.

2. 5.7 SL -The SL function calculates the linear slope between two (x, y) points.
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SECTION 3

COMMON LIST VARIABLES

,T'rL section contains three tables that provide the user with a key to the definition
and usage of the labeled common blocks Incorporated in the MILSTOL program.
Table 3-1 describes each labeled common block. The blocks have been constructed
by function to aid the user in future modifications or upgrading.

"Table 3-1. Description of Labeled Comamon Blocks.

' . LIST 1 Contains variables used for input and output units, carriage control,
and page headings.

LIST 2 Contains variables describing forces, velocities, altitudes, and weights.

SLIST 3 Contains coefficients, angles, and aerodynamically significant geometry.

!* LIST 4 Contains variables used for tranusmitting propulsion characteristics.

LIST 5 Contains variables used for atmospheric properties.

LIST 6 Con ans pbysic~d constants and conversion factors.

LIST 9 Used for tr amittitg data from the LOOK subroutine.

LIST 15 Contains Integration variales and controls.

LGEOM Cotalins alretuft goontotry and anglos.

CONITROL Control flaps usod duri, g takeeffs a-W huAnings.

LIST 99 Error index flag.

A
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Table 3-2. -%brOutins in Which Labeled Comm~on Blocks Are Used.

Common List Name

~ o 0 1' O 0Oz 0

MUJSTOL x X xXX x xXx xX X
(Main Program)

MBtSTOL X Xx xX XX xX xx x
(Dump Program)

AEQFM xXX X X xx X

ATMOS XX xx

HEAD X

LANDJIG xXX xx x x x

LOOK x

THSTI xXX xx x x



Table ?"-3. Da~lnkto of Common Block aaabe.

IV~A PAPO LIPST.? WING ANGL! OP ATTACK FOAIe Sfl.IAOA
A00Q IS3 WtAIMV LCW-4fANGLE!OF ATTACK :'r 1'ii.JOQActoeo

L,4 LISID A(CELFRPATIOR IwdCRAL YO THE vaLOClTV VEC?04 IVTflC9C Sol

fCV*CG NO?ý40 USED
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?I N ot U ncw

AThO USEDf S

0. LIST3 WNoG uPANc~
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OHt'p LI Sfl NOT uSED

c~lr LIST& CCWe' IE4 OFscoCI
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tilla

~ 0 Table 3-3. Definition of Common Block Variables. (Conk!)

LIFT LISt? uREALI EOYAI CC NM IT04CIk1.4
LIVE? LIST) LINE LIMIT CEO CUTOUT PAoe
LINE L ISII a THE CUGOENT NtWI~Q OjP LINES 'tQITIC'tCA ONViA? PAGSMaco* LIST? ISCL TREMACN Ma'tueQ"PC LIST9 mon~o si:LeCTO Poo* SLSQOUI'4 LOOMC
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SECTION 4

INPUT VARIABa6 AND SAMPLE CASE

4.1 INPUT VARIABLES

Input data for the MILSTOL program is read by the executive routine, the trajectory

"subroutines, the physical data subroutines, and by the page heading subroutine (SKIP).
Except for the page heading subroutiw, all inputs are in namnelist format. The
SKIP subroutine reads two 80-character title cards and prints them at the -3p of
each output page. The majority of the variables in f: TAKEOFF and LANDING sub-

routines are Input via a data statement and correspoud to the ground rules specified
in Figures 1-1 1nd 1-2. If these values are to be changed, the data eatement may
be overridden by inputting the appropriate variable in the nanuelist.

Tables 4-1 through 4-6 describe all .MILSTOL input variables. The namelist MAIN Is

read by the executive routine MIL$TOL, and its variables are described In Table 4-1.

Table 4-2 is the description of the title ctads for the SKIP subroutine. Inputs for the

maneuver driving subroutines, TAKEOFF and LANDING, are containod in the narme-

lists TANEOf' and LANDI, Tables 4-3 and 4-4 respeetit.ily. AERTI and TiTi are
the namelists for the aerodyamnic aad protulsion data subroutines and are described

in Taibles 4-5 and S-6.

4. SAMPLE CASE
"the s-ampe inutm dat pr -ted W Table 4-7 •s a rwjuresoitivh externally blown

flap cowlgun=oU witlh an aspxctnito of and a quarter chord s,.-ep angle of
2$ d-eirew. The anondynmiic -ud propulsion data is cowistenzt with that used in

lioefoemNfw 7 for thu cwffigurntiI dcfittiton studies. The fillt &data of Table 4-7 is
set up to calcuklaw the 'balan.ed" take,"ff d. .Atztov for 135IQO0-pound aircraft at

a WW~4V MlleaOf. 0 fe n MUIt-STI)-ZIOA hut dAy. Aftr eompleAtlon of
It takoot cahiahitiofie th- pmr~:nit will read onothr Wet of rqJUt* and Calculate

a l-nding at the saame runwi, aiy wei ght xoaitlons. TWh nmMai~ig takeoff ca-
adat'on oxaiut for ths ainile case Is showna in Table 4-ti; the i•ling e~alatIai

ou-t is shown fin table 4--.

-iA
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Table 4-1. Definition of MILZTOL Input Variables.

M-i• c W•INITIOH OiF VARIABLES IN NARCLIT $MAIN$
C wWTw THE NSUMER W• VEIGOTS IN TiHC WIGHT MATRIX
C WTLe TME LIST OF W[IGHTS 4Lille
c NW* THE NUMER OF ALTITUDS IN THE ALTITUDE MATRIX
C FrL. THE LIST OF RUNWAY ALTITUDES 4FTo)
C Vwwc. THEt HEAOVIND COMPONENT IKEASI
C IATM IS AiV |!0EX FOR SELECTING ATMOSPHERIC PiEOTI196
C SATY* 0 STANOARn DAY TEMPERATURES COWATI.LE WITH US 5TANDQA
C AND ICAO TEMNPRATURES)
C * | MIL-STO-210A TROPIC TEM•n[RATURES
c m I MIL-STO-910A POLAR TEFMPRATUtES
C e 3 AIL-STO-210A NOT TEMPERATURES
C 0 4 MIL-STO-210A COLD TEMPERATURES
C a 5 TEMPERATURE IS SPECIFIED AS #TEMPt tSIM FS
C INS.E IS THE SIOUENCE FOP DATA INPUT
C INSEC. A SUSROUTINE SKIP - TWO TITLE CA•DS
C a 3 SLUROUTINE AEROI - NAM4LIST AERTt
C 4 SViROUTINE THSTI - NAMELIST THTI
C 0 9 SUOPOUTINW TAKEOFF - NAMELIST TAKEOF1
C a # SU0I9OUTINF. LANDING - NA•.ELIST LANJI
C a T TFAMINATES READING INPUTS AND BEGINS EXECUTION

v 6 .TOP - LIND F JOB
C CUSEO IS THE EXFCVT ON SEQUENCV ITHIe NUMBERING N OUSEUNCE IS THE
C SAME AS INSEOP
c CYAMPLS INSEO-2vS*3t4#T. CAUSES INPUTS J 61 READ fy

C AUSROUTINES SKIPTAKEOFFAEROIoTHST1 IN OW94 AM• THiN
C E1AECUTE THE JOB

C (!XSr;.85, EXECUTES SU•ROUTINE TAKEOFF AND TiIN CALLS
C STOP

Table 4-2. Definition of SKIP Title Cards.

C THE INPUT CONSISTS OF TWO ALPHANUMERIC TITLE CAROS
C CARM I - COI.U,4S 1 THROu•GH 0 ARE RESERVE0 FOR ENGINE
C IDCNTIFICATtiO

C COLUMNS 21 THROUG4 S0 ARE PRINTED AS A TITLE LINE
C CARO 2 - COLUMNS I THROUGH 00 ARE PRINTED AS A SECOND
C TITLE LINE

Table 4-3. Definition of TAKEOFF Input Variables.

C ODPINSTION OP VARIABLES IN NAELIST *TAK[OF1
c VCS a UATIO OF LIFTOFF SPEED TO Alit MINIMU14 CONTROL SOM
c DOLOsINCREMENTAL LOAD FACTOR PEOU:PED AT LIFTGFP

C OMPOIPLAP SITTING IN DEGRE$S
C PCOEF a ROLLING COEFFICIENT Of FRICYIONo
C UCOEF w COEFFICIENT OF URAKING FRICTION
c VMCGKS MIN;MUM CONTROL SPEED ON THE GROUND (KNOTS)
C VICAK w MINIMUM CONTROL SPEED IN THE AIR (KNOTS)
c POTATN ROTATION RATE (DEGREES PER SECOND)
C TIMP REACTION TIMA FOR eNGINE FAILURE SI9C)
C Ttlm v PRAEING DELAY AFTER #TINRP fSECI
C ROTT EQOJAL TO ZERO SUPREsSCS PRINTING OUTPUT FOR
C SEGMN4T. A,6 AND So

r THE FOLLOWING VALUES ARE ENTERED At TIME OF LOAOING AND ARE USED
C UNTIL OVERRIOEN BY READING THE APPROPRIATE VARIABLES IN TAXMOF1
C VSCvI.0S

C OCLO8O.IO
C OFLP.P5,
C RCOEFaO.01
C PICOEF0o030
C TIMP6IR 0
C TIMM*a.0
C R•TATN6SO

c IOTPT020

4-2



Table 4-4. DefU3tion of LANDING Input Variabjes.

C OFFINlTION OFF VARIABLES IN NAMILIST ILANDII
C OPLP. FLAP SETTING (0(G)
C WEon* OBSTACLE HEIGHT IFT)
c POTAN* ROTATION RATE 4DIGVIACI
C VUCOK. MINIMUM CONTROL SPEED ON THE GROUND IETSI
C VOCA~e MINIMU CONTROL SPEED IN TNE AIR IKYS)
c TrtflK TIME OPLAY AFTER TOUCHDOWN FOR BRAKE APPL.ICATION ISEC)
C T41iP TIOZ DELAY AFTER TOUCHDOWN FOR SPOILER OEPLOYMEN"T M8CI
C viaFVo TIME DELAYV AFTrR TOUCHDgOWN FOR THRUST REVERSAL (SEI)
C APae RATIO OF APPROACH SPEED TO MINI"U CONTROL SOEED
C DGTAO INCREMENTA1L LOAD FACTOR AVAILABLE AT THE O6STACL1
c OGTO. INCREMENTAL L.OAD FACTOR AVAILABLE AT TOUCHDOWN
C ACOEFw ROLLING COEFFICIENT OF FRICTION
C OCOEF* BRAKING COEFFICIENT OF FRICTION
c GAIA14m INITIAL FLIGHT PATH ANULE (DEGI tNEGATIVE IS OE*CeNOINGI
C RE. MAXIMUM RATE OF SINK AT TOUCHDOWN IFT/SECI
C (POSITIVE IS IOESCENDING)
C 20TPT* EOUAL TO ZERO SUPRESSES PRINTING OF THE ENTIRE TIME HISTORY

C THF FOLLOWING VARIABLES ARE ENTERED AT TIME OF LOADING AND ARE USED
C UNTIL OVEFMIIDDEM BY READING THE APPROPRIATE VARIABLES IN LANDI
C Ont..au60*0
C W05 0 S0.00
C NOTATHM ;.8.o
C TawKUa.O
C TSP at.0
C TREV a 2.
C APR a 1*1

CGY a4H 0.30
C OGTO, w 0.113
C PCOFF a 0.10

%C 6COEP a 0.30
C GAM4MA 2 -?*SO
C as S 10.0
C ROTPT *1.0

Table 4-5 Definition of AER01 Input Variables.

C OFFIMITION OF VARIABLES IN NAMELIST IAIERTI@
* C S a WING SEERAENCE AREA.

C pW a WIWG SPAN
C CANT* HEIGHT OF THE OUARTER CHORD ABOYC THE GROkM( 4F?)
C GALMXe ANGLEt OF ATTACK FOR WROUND CONTACT (DEG)
C ALP$IX s MAX IMUM ALLOWABLE ANGLE OF ATTACK -USUALLY A CL. LIMIT
C (DEGI
C ACLMD a STALL ANGLE OF ATTACK (0(41
C FOP * rOUIVA(.eNT FLAT PLATE AREA OF ADOITIONAL DRAG ITEMS3 43 FTI
C WINC0 a WING INCIOENCE(DEGI

DCLSP w INCREMENTAL LIFT COEFFICIENT 04.e TO LIFT DUMPERS
C CflSP a INCREMENTAL DRAG COEFFICIENT W'~E TO LIFT DIAPERAS4..C EIOoXL a INCREMENTAL LIFT COEFFICIENT WUE TO ENO OUT CONTROLS

c FO()C0 a INCREMENTAL DRAG COEFFICIENT OIJE TO ENO OUT CONTROLS
C NX*NYtNZ ARE THE NMBMIER OF XC.YC.ZC
C xC *THE LIST OF ANGLES Of ATTACK (0(4)
C VC THE LIST OF THRUST COEFFICIENTS
C ZC *THE LIST OF FLAP DEFLECTIONS I0(4)
C CLA 0 LIFT COEFFICIENT AS A FUNCTION OF (ALPIIA*CTFLAP DEFLECTION)
C CP~A a ORAG COEFFICIENT AS A FUNCTION Of IALPHAs.CTFLAP (ffLEICTIOw)
C .FIG *I FOR MECHANICAL FLAPS PLUS VECTORED THRUST
C & FOR EXTERNALLY BLOWN FLAPS
C 3 FOR INTERNALLY BLOWN FLAPS
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Table 4-6. Definition of THSTi Input Variables.

c OEfoINITION OF VARIABLES IN NAw.IST *THTIG
C w- MOOME OF W.v POINTS IN CAL" TABLE
c WIS- THE VELOCITY TABLE FOR THE PROPULSION VAN&#S IN NTAS
c tUSE AS TIE INDPENDOENT VARISABLE IN ALL. TABLESI
c ThST-GA05S THRUST TABL.E AT MAX POWER I IN LOU$.I
C 0000-MAIM DUAG TABLE AT MAX 100NE0 I IN LOS. IA
c TICOL-41ROSS THRUST TABLE AT IOME POWER ( IN LBS.) d

C TIhY-4ROSS THRUST AT THE SLOY EXIT II1S CONFIGI AT MAJI POW=R M418)
C TSFV-*AX REVERSE THRUST tEXPRESSCD AS A NEGATIVE VALUA - IN L"#.§
C OUNE-WINDMILLING OPAG FOR A OEA0 ENGINE Ilk L.*$*)

C THiD-THAUSTf VECTOR INCIDENCE REF. TO A WATER LINF IN MoE
C ENGNO-THK MN6UM8$ OF ENGINES
C SCALE-SCAI.ING FACTOR FOR THE PROPULSION DATA
C MNFNGo NO REVERSE TM4UST
C at ALL ENGINES REVERSING
C at ENGINE OUT REVERSING PROCEDURE

C THE FOLLOWING VAR IABLES APE ENTERED AT TIME OF LOADING AND ARE USED
C UNTIL OVERRIDDEN BY READING THE APPROPRIATE VARIAULCS SN TNT)
c ENCNO a 4.0
C SCALE a 1.0
C NENG aI

Table 4-?. Sample Input Data.

SPAIN HVTol. WTL.35000o, MHmI Wfw"0SOO. IATEPS, V.O,.0e

OR 13-FID ENGINE SAMPLE CASE
FOq AN EXTERNALLY SLOWN FLAP CONFIGURAT ION

*TAMEOFI VSCv1.O5* OLPS.P25.. RCOEF.O.1, 9COEFmO.3* VNCGK*65.. VICAESSS.,
01TATNagoo TIMA21.. TINSUE.. OGLOw0.I. R0TPTo0*, 6

SAMRT So1550,. ALPMXot0,, CALM4X&20., ACLNC.27.. JPIG.2,* OCLSPO-11o@.
OCOSP60.25. VOOCLo-0.45% ECODCO..06*

XC. ~ NY4 Nam.4.0.2.1.2.*4,6.*. ,

CLAm
.0#256 0.03, 0.35, 0.671 0.99.
1630§ 1.61t. 1#94t 2.25. 2.50.

-0.35, 0*01, 0.34. 0.74, 1.14,
1.51.1 1.91. 8.30. 2.70. 3.10,

-0.75, -0,256 0.33. 0.06, 1.39.
1993$ 2,47# 24.99, 3.52. 4.00,

.140c, -0.35. 0.31. 0.96, 1.63.
2.31, 2.98. 3.164, 4.31, 4.90,
0.65, 1.19. 1.51. 1.803 .19.*
2.52. 2.82, 3.09, 3.15.s 3.00,
0.95, 1 041t 1.96. 2.49, 3.01.
3.53. 4,05. 4.40, 4.65. 4.50,
t*30, 5.96. 2.46, 3.3,0. 4.02.
4.72, 5.39. 6*071 6.71, 7.10,
1.50t 2.3s. 3,14, 3.93. 4.73.
6.53, 6.28, 7.#1.6 7*8e *.50.
1.35. 1.65. 1096, t2.2, 24,59t
2.90, 3.21, 3.530, 3#33, 3.00.
2.50. 1.91, 3*371 3.81. 4.29,
4.76, Soles 5.45, 5v24. 0.00.
3.80, 4,43, 5.031 8.66t 64.20
6.03. 7.30, 7.65. 7.90, 0.00,
4.00, *5.4, 6*12. 6.00, 7.44.
0#13. 46.07 9.11, 9o426 9.50,1.35o 1.65, 1.96. 2.20. 2,69,
2.90, 3,21, 3.50, 3.33, 3.00,
&,50, P#910 3.37, 3.65. 4.,29,
4,76, 5,18. 5.45, 5,26, 6.00,
3.80,1 4,43. 5.03, 564.0 6,20,
6.63, 7,30$ 7,65, 7,-90$ 400CO
4#800, 045. 6.126 4.60, 7.40.
0.13. 6*,07, 9.51, 9.42, 94504

4i 4-4
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IN Table 4-7. Sample Input Data. (Contd)

COA w
0.15. 0. 15. G 1.50 0.16, 0.19.
0.0,0 0.22, 0.26, 0.33. 0.450

-0.90. -0.90, ..O0880 -0,1111 -0.852.
-0.78, .0.73. -0.67, -0.56. -0946s

-2.90. -2.,90. -2185.o -2.63. -2,79,
;?*731 -2.66, -205-se -2.41.' -2.*10.

M,-4:90: -4.90. -4:.85: -4:83: -4.77:
) ~ ' 4.8, -456, -443 -4,23, -3.90,

-0.2!1, 0.21, 0.,24, 0030. 0.38.
0.47. 0.8S 07ao.1 0.65.

-0.424 -0.41. -0936v -0.264. -**lot
0.00. 0.314, 0.54. 0.83. 0.55,

.1.02. -2.021, -.la96. -1.80. -1.57.

0*5 O3* 0.39, 09451 0.53.
0.63, 0.76, 0.94. 3.15o 0.65,
0.34, 0.34, 0.&46, 0,62, 0.83.
1.08, 1.37, 3,66, 1.85. l.ts,

-0.040, -0.10, -0.05. 0.26, 0.63,
3.04, 1,47, 1.80, 21395 1.25.

-0.80, -0.70, -0.38, 0*02, 0,49,
1.01, 1,*48. le88, 1.10. 2,30.

641 h0935o 0,35o.. 0CLS.39 .5.*3

WS 0*320049 0,60,.8.0 100.6t 0,62 40.60,0 3,0.0l0

38773,,3926-005 006t *6

100L490.,37 *20. .15 465.-0f -25.,13 O,,-2595.30,
'A V~~~7vwo.~0.-304 .- 60#00.,-70.,-710 00020 -670.4-69t .- 60.-6l

-6050.,9204

OMAIWO lNSEON600o7 CX5E0w6v$# *
$L.ANDS CWLP450.,# HW0650oo ROYTANOS~o, tO8K*Z. TSP.02ot TIWVO.* Afte.16lL 00134.0.3, 0010.0,35, RCOEF*Oo1, OC0EP.0,3, GAMM4AB-7*5. 0islE..

P0TP'T.'..o 6
SAERTI AL'34Xw&8.o GALNM.oZ0. ACLNO§26., 0

J;
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APPENDIX I

PROGRAM AND SUBROUTINE SOURCE LISTINGS

The following source listings are contained in this appendix.

Title Description Page

MILSTOL Main Program I-1

MILSTOL Overlay Dump Program 1-3

AEQFM Equations of Motion Subroutine 1-4

<4 AERO1 Aerodynamic Data Subroutine I-7

ALIN Linear Equation Function 1-9

{ ATMOS Atmospheric Properties Subroutine 1-10

FIND 1-Dlmensioual Table Lookup -Suloutlne 1-12

GILL Integration Subroutin 1-13

GINTG Inttcgrntion Driver Subroutine 1-14

HEAD Page Head* Subroutin 1-15

INTP2 Curve Fitting Subroutine 1-16

1CKA )D Hyporbolic Curve Fit Solution Subroutine 1-113

SLAGRA Lagrantan Interpolation Subroutine 1-16

'. LA•DING LamIlz Trajooty Driver Subroutine 1-17
WOK 3-Dhmonsloaal TaLook-p brouUmi 1-26

4%R2NonA-wvnpsfnIteration subrouin Iý

SKIP Page EJect Subroutine 1-30

ti SL Line Slope munctioa 1-31

S 7MLT2 Srnmltanoous Equatlo Sohluon S&brmtlle 1-32

TAKEOFF Thkoft Tra-lectoy Driver Sroutin 1-33

PoliTHSTI lhv ot Data Stbrou•tne 1-41

111RM Aircraft Trimming Sroun 1-43

A-1



PROGRAM MILSTOL( INPUTOUTPUT.TAPES.INPVTTAPE63OUTPUTI MLTR

"C GROUND RULES
C THIS PROGRAM QEOUTRES INPUTS

C THIS PROGRAM CALLS THE FOLLOWING ENTRIES
c !SKIP,TAKEOFP.LAN4D'NG.AEROI ,THSTI

INTEZGER CARDIIPRINTPAGE .EXSEO

DIMxENSION EXSFOER),INSEO(3),WTL(IO),HFL(IO)

COMMON ALISTILINEPAGE.LIMITCARO.PQINT.INPIPUNCHsIDATEHD(60)
C0'4MON /Lj5T2/DELT~,ALFAR.THRTLGAPWHIND.VTF.WT.I4F.DT.TIMS#XF*

COMMON /LIST3/CL.CD.S.OS.THIRtiSLTHR.CLMAX.AR.CLAR.CMACG.ALPHO.CX*

COMMON /LIST!5,IALMX, I*NT.EOTZDT ,XRPAEZA~E.ILOOP.DIME. ARH t-F

Y, OFLP oCANT .GALMXR
tt:ftWQN/LGEOM/SHSW.SCPGODOTRTH.DTMThI.RWADTHWAIDSThZ .OWLHZ * YYo
I XCO.ZCG.CeAQ .PVN.SINTH.COSTMANGLE.SINALCOSALIRHZ.DTHHZ.VTSQs

COfPk.t'-ý/CONTROL /JF I G. I REVe tSP.sNENG

c O#VIN!TION 0- VAflMA.ES IN NAMELIST #MAIN4
c kw?. yHE NVPerP OF WEI GHTS I N THE WE I C0T MATOQIX
C WyL. THE LIST QF ZdiIGH4TS (LBS.)

kwr. THf NUM9EP ý`r AL'ITUOES IN THE ALTYIUUEL M*ATQIX

C 'CLa THr LIST Or -4sNWAY ALTITUOCS PTv,)
C vv. E HEADWItND Ct4,OONENT ('01*51

C 3*7" IS THE IknQEX vcm StEL t CTINlfG AT405*HEQIC Pc4OPEJTiES-
C I lAW.0 C $T*NOAQO QAY TEVý-QAYUUES (rOkPATjULE WIT" US STANUAaO
C 4-t~o ICAO TeMPCQA TX$R'S)
C I ft IL-STO-21t!A TROPIC S2mlUE

C * 2mILatTYO'.?)A POuAC TE&W",T#QFtt'r
"* rL-STO-2,QA '401 E9'Ait

*A MoiL..SO..21f'A COLDTEetA4C
* Y.PQ.I3EIS StCIIOAS TwfW# (MSG F)K I ft*oITEsrl~ftEF.0OT ~v

C Z5%*.esNCvcXI -?% TTL oV0

I LPu i tal-NVL5 cy
CL 4i~UV XV4S1-NP'Ik sT

c skmptlv? I49- YiWK-fd-ir-IN-wtTTlcA'



C v~c-FO IS TVHE EXFCUT1ON SEQUENCE (THE NUMB8ERING SE'IUENCE IS THE
C SAME AS INSFC)
C FWAMPLES - INSE0N2.s~shA.7 CAUSES INPUTS TO BE READ BY
C SUBROUTINES SKIP*TAKEOPFFAEROI.THSTI IN ORDER AND THENA
C EXECUTE THE JOB
C EXSE0uSS. EX&CUCTES SUUROUTII'E TAKEOFF AND THEN CALLS5
C STOP

NAMELISfl!AIN/NWToVTL,*Nb4V¶AFL.VWIC.IATM.TEMWuINSEO.CXSEO

IlO~ I ./QTO

WRITEIPAINTsMAIN)

5IND.INSEOI I

PO CALL SKID
GO TO 90

30 CALL AEQOI
40CALL THSTI

50 CALL. 7A(EOFP
GO TO 9

60 CALL. LANVING
GO0TO90

99 WO1T~tPQINT.1000))
100t'tWT14I)K4HEf*a IN NAWCLISr 'M4AIN'. INSEO OR EKXSEOI

00 TF NG,) O 140

C.%TO 5
fIq0ft lat

IN a 2

!Q*,t 1,11I ug

CALL AMT$40

t'o flp,.?tI tN
$ ' 4'

~4 A01~



P004RAM MILSYOLI INPUT.OUYPUT.7APESuINPLIY.TAPE6*OUTPUTI

CCD~C 6400 DUMP OVERLAV PRlOGRAM FOR IMILSTOLI
C TMw DUMP IS A Fi-ATING POINT NA14ELIST PRINTOUT

INTEGER CAAD#PPINTsP&GttEXSEO

REAL LIFTot4ACH*NU*KTOF..NMTOFI

COP'ON A.ISTl,'LINE.PAGE.LIMIYCARO.PPINTINPIPUNCH.IOATE,,4Dt60)
COMMON ,PLIST2/DELTD*ALFARoTHRTLGAMR*HINO.VTF*WToplFd;)T TiISoXF9
r UEL.MACN.VWF.LIFT.ORAGOTHRSTRCF.ENGNO.T'.V.IN
COMMON AJIST3/CL.CDS.QSTHIRALTNPCL.MAX.AP.CLAR.CMACGALPt1O.CXs
*C7.O#IMO~4vWINCRCMOMP.OSC.ALMXP#VSFs8W
COmMON /LIST4/FFPS.JPOw.TGROS .DWA.THMOMTNREO
COmYON /LISTS/StGSOUft.VNU.TEMAPpAM~e.IATM.TE"FaOSQDM*ORHO
COMMON /LIST6,RTOCODTCP.KTOF.FTOK.NUTOF.FTONMRHoZ.RH4OZ2,GZ.PZ.TZ

- V1, COMMON/LISTSItNOE~X.COEFSGN.GTWAN.AIAXAZItPM.oVUPPER"j
COMMON#.LISY9/&4NS.ANSZ.ND.XA.YA.ZA.INOICZFLAG.NDEgt3,.OeDX.DOWV.

0 voeIOZ,020Xoos20,4,DBOZ
COMMON,.LtSTI5,/IALMX.INT.KEDOTsZEOOT.XE.ZE. ILOOP.OTIMEt IATeFLIFTe
ICFLD.C.NToGALMXR

I X C.ZCG.CBA~PoPFN.SINTH.COSTN.ANGLESINAL.CO$AL.RHZ.DTMH4ZVTSO.

2 U--O.vOOTeW.THETP.U.oa
COMM AN/*CONTiOOL/JFIG. ;REV. SP.NE'%G
COatMON&P.IST9911CPQ

&NAWE I STA>OPeL IKE *PAGE oL.II tT CAQDo P I NT I NP I PINCNQiP

I (MELTO.ALFA44.THQTL.GAMP.HIN~aVTFW* .V Fo0TsTlM5sX~v
2 VVEL MACH 4.VMo.LIFT v QAG *TKRST o CF ENGNO s Y#V vI N %CHT 9 CAt.XQ

a cz*0. OOtMWtIN p 0 ak AM.X~sV W
5 . pWWI 6SIDW~y -s*K

0 .!N5 ail t ID.4NGTAN.Av ~t.KAIto t ofty

2IA1ye~l-IFT ivy
XCC xC6 z ONSC N0Go OW o- 04.AL E o 1NAL COSL. *iZ sOYTH"4V IfSO

Ivat~l (a.up

4 tPOT? ~ .VOI'CS.E
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SUPRUOUTINE AEOFM
C 6400 SUBROUTINE FOR CALCULATING ACCELERATIONS*

C THIS SUBROUTINE CALLS FOR THE FOLLOWING eNTRIES.
C THSTI. AEPOZO TRIM

C ALL INDEX OPTIONS ASSUME WEIGHT AND ALTITUDE AP~E SPECIFIED)
C ALL EXCEPT 3 ASSUME GAMP SPECIFIED*
C ALL EXCEPT 6 ASSUME POWER SETTING SPECIFIED.
C ALL EXCEPT 7 ASSUME VELOCITY SPECIFIED*
C GN AND GY ARES RESPFCTtVELV THE NORMAL AND TANGENTIAL LOAD FACTORS J
C I~rnEX w I FOP CALCULATING GROUND0 ACCELERATIONS(GIVEN ALFAR. GAMR. 4

C ANfN COEV~to
V.C rNrEX v 2 FOP CALCULATING AT AND AN(GIVEN ALFAR. GAMP)o

c INnEX a 3 FOR CALCULATING ALFAR AND GAMACGIVEN GN AND0 GT)*
C IND)EX a 4 FOP CALCULATING A~LFAR AND AN(GIVEN GAMA AND GTJ.
C INOEX a 5 FOR CALCULATING ALFAR AND ATCGIVEN GAMA AND GN)s
C INDEX a 6 FOR CALCULATING ALFARvTMRTL* CGIVEN GAMRoGN#GT).
C tINDEX o 7 FOR CALCULATING ALFARVTF(GIVEN GAM~sGNGTI.

INTEGER CARQ.PRINTsPAGE4
RVAL LIFT*MAC$,lNU.ICTCFsMTOF9IYY4

DIMENSION SA(I).SV(6.%SPVt6).STt3) gJAt3).JVt3).A(6SVI6It~PV(6)eT*6 4

COMWEON /LISTI/ LINE.PAGE.LtMJT.CARO.PRINT.INP.IPUNCH.IOATE.HO(60? 4

C04MON /'L ST2/ DELTOALFAQtTNR0TL GAP4R.HIND.VTP#wT..WF.T.T IMSXeF.F J

COMMON /'LIST3/ CL.CD.SgO~ .THIR.ALTMR.CLMAXAR.CLAQ.C'4ACC.ALP..D.CX. 4
IC?.Om IMOM*WINCCMDmP*OSCsAL4XQ*VSFv5V
COMMPON /LIST4/ FFS*490WTGAOS snWA qTHNOMe THREQ
COM14ON /LIST'5/ StG.SOUflD,NU.TENRoPAMUATP'.TEM4VDSOýHDRNO4
COMMON' &IST6/ 'ITOO.OTORKTOFFTOK.KMTOFFTON-M.RHQZ.RHOL2,4ZpZ.TZ 4

COM".0N /Di S.C&THDNNRATA*OS.T Ze -*I VY3)( 4

COUIVALPNCE tSACIsC0l 454442),bACNI, (v-A~t3)sACT).b lSVtI).mLy0) 4

OITA sT.sPV.*,~c3,'* 4O~*,.~..OQ~6A~ ~s

4,4

A* 4
fs V V

try* skW-tapO Je *ovT



IF (ITRM*EO.2) 4V(I)w5 4
ir (INDEX#LT*3) GO TO 53)

GO TO 204
10 IF* (INDEXkL.T*3) GO TO 100
2 0 4ACI)=24

IF (INDEX&EO.4) JACl)z3
JV(T)AC2
IF (INDEX-4) 50s50#304

30 IF (INDEX6NE66) GO TO 404

JA(I)w33
JV(1)u34
4POWx3
CALL. THSTI4
THPNP*THPTL
.JPO WKS
GOTO0 SO

40 lF (INDEX*EQ*T) NVSTPa-i 4
50 NSOLI 4

C STORE VALUES OF INDEPENDENT VARIABLES (V)s PERTURBATION
C INCREMENTS (PV) AND TOLERANCES (T)o 4

00 60 Is1,NSOL4
JmJv(I)4

rV( I =SV(J)4
PVC t)aSPV(4)4
JuJAl 1) 4

60 T(!)uST(J) 4

C START CONVERGENCE LOOP* 4

T;ý (INDEX-2) 100,100,70 4
'0O AGT&GT 4

AGN*GN-1o j
Ir CINDEX*NE*6) ITPMx1
IF (INDEX-4) 110#80990

80 AGNa0.0
GO TO 110

90 IF. (INDEX*EO*5) AGTxO*0
GO TO0 1104

100 AGT*0904
AGNwO*0

110 IF (INDEX.NE*7) GO TO 120 4
OSwRHOS*VTF.*VTF 4
OSC*OS*CBAR j
MACHNVTF/SOUND

120 ALTHRuALF.AR-WINCR+THIP
SINTH=SIN(ALTHP)4
COSTHRCOS (ALTHR)j
CALL THSTI 4
CALL AEROZ 4

fTM INDuTGROS*COSTH-D-RAG-DWA4
IF. (INDEX*NEs3) GO TO 130 4
SNGAMeTM IND/WT-AGT 4
GAMRUASIN(SNGAM)4
GO TO 140

130 SNGAMaSIN(GAMP)4

140 CSGAMuCOS(GAMR)
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PLIFTaLIFT+¶GPOS*SNTm-WT*CSGAM4
ANNPLtIFT*RECPM
IF (INOEX-I) 150.15C*170

Igo IF (FLtFT) 160#1'T0,170

160 "ICTsCOEF~fLWt

170 018

1SO NTSTftMtf0+FRCTWT*SNGAM 
.

ATaWTNST.PECPM .

AfeNAN/GZ-AGN4
ACT*AT/GZ-AGT
IV (IMOMEOo0? GO TO 200
IV (ITpm.60*0) GO TO 190
ANGLEsALFAR-W INCR

TTIEROANGLE+GAMP

SINALOSINCANGLE)4

COSALIPCOS(ANGLE)

WnVTF*SINAL

ALPHO' (U*W0OT-w*UDOT)/VTS0
cmoa-13*1

3 7

CMALO-11I 94252*( .. OOB2 7 9-7.523412/(ALFAR*PTOO-25oý8425
9 1**2)

AlUO*5*C8AR/VTF
CMMPduA 1* (CNIO*0+CMALD*ALPHO)
OCOOTa(THMOM4 (CMACG4CMDMP)*Osc)/1 LY

200 IF (ITQM.EO*O) GO TO 3004

C STORE CURRENT VALUES OF ACCELERATIONS CA).

00 210 tI*INSOL4

4JvjA(t) 
.

C CONVERGE VALUES OF(A) BY VARYING VALUES OF (V). .3

CALL TQIPAN9OLsA*VsPViTsK)
IF CK-NSOL) 230,230.2204

220 IF (INDEX.NE#7) 290,250

c STORE RESET VALUES OF INDEPENDENT VARIABLES.

230 NSTEP=NSTEP+l
IF (NSTEP*GT*33) GO TO 2804

C RFSET VALVES OF IV)*
DO 240- wIs1NS0L4
4w4V(I)

240 SV4-)V(I)
GO TO 110

250 IF (A8S(ACT)*L~eST(3)) 00 TO 2904

IF (NVSTP.*GT*0) GO TO 2704
IF (ACT*LTOO) GO TO 270

260 VTFuVTF+DVTF
NSTEPuC4

GO TO 110

270 DVTFs-ACT*DVTF/' CACT-ASAV)
ASAVu ACT

N VSTPUN VSTP+ I
IF (NVSTPoGT#12) GO TO 280

Go TO 260 
4

280 IFQRR34
2PO tTQM*O4
300 ODbTsOCOOT4

PCPVTF*SNGAM

AXE*AT*CSGAM..AN*SNGAM 
4

A7F*AN*CSGAM4AT*SNGAM4
PrETUPN

WNMt'

.......



W:. c 6400 ORTRAN IV PROGRAM TO STORE AND RETRIEVE AERODYNAMIC DATA
C FPUEWT AUAE AERODYNAMIC DATA
C CLADCa F(ALPHA*THRUST COEFFICIENT*FLAP DEFLECTION)

C THIS PROGRAM CALLS THE FOLLOWING SUBROUTINES*
C KABD

PC LOOK

INTEGER CARDsPRINT9PAGE
PEAL LIFT*KTOF*MACH*NU*NMTOF#IYY

DIMENSION XC(15),YC(5),ZC(5),CLAC375),CDA(375)

COMMON ,LISTI/ LINEPAGELIMITCAROPRINT, INPi IPUNCH, IDATE.HDC6O)
COMMON /LIST2/ DELTDALFARTHRTLGAMR.HINDVTFWTHFDTTIMSXFFU
IELMACHtVWFqLIFTDRAGTHRSTRCFENGNOTHVIN
COMMON /LIST3/ CL'CD.S.QS ,'THRALTHRCLMAXAR.CLAR.CMACGALPHDCX,
ICZQO IMOM.WINCR.CMDMP*QSC.ALMXRVSFBW
COMMON /LIST4/ FFS.*JPOWTGROStOWAsTHMOM*THREQ
COMMON /LIST5/ SIGSOUNDNUTEMRPAMB, IATMTEMFDSODH.DRHO
COMMON /LIST6/ RTODDTOR.KTOFFTOKNMTOF.FTONMRHOZRHOZ2,GZPZ.TZ
COMMON /LIST8/ INDEXsCOEF.GNGTANATAXAZ, ITRM.VUPPER
COMMON/LIST9/ANStANS2*NDvX oY *Z vINDICslFLAGsNDER(3),DBDXDBDY#
*DSOZsDB2DX .D820Yv082DZ
COMMON /LIST15/ IALMX, INTXEDOTZEDOTXEZE, ILOOPDTIMEIATP'LIFT,
IDFLPtC4HT ,GALMXP
COMMON /LGEOM/ SHSWSCRQDOT.RTHDTHTHRWAOTHWADSTHZDWLHZ, IYYtX
1CGZCGCSARPFNSINTHCOSTH.ANGLESItNAL.COSALRHZDTHHZVTSQUDOT9
2WDOTs THETR .U*W
CO'MMON/CONTROL/JFIG, IPEV. ISPNENG
COMMON /LIST9q/ IERR

C DEFINITION OF VARIABLES IN NAMELIST IAERT14
C S uWING REFERENCE AREA.
C BW *WING SPAN
C C4HTx HEIGHT OF THE QUARTER CHORD ABOVE THE GROUND (FT)
C GALMX* ANGLF OF ATTACK FOP GROUND CONTACT (DEG)
C ALPMX z MAXIMUM ALLOWABLE ANGLE OF ATTACK - USUALLY A CL LIMIT
C (DEG)
C ACLNAD x STALL ANGLE OF ATTACK (DEG)
C FFP mz EQUIVALENT FLAT PLATE AREA OF ADDITIONAL DRAG ITEMS (SQ FT)
C WINCD a WING INCIDENCE(CEG)
C DCLSP a INCREMENTAL LIFT COiEFFICIENT DUE TO L!FT DUMPERS
C DCDSP a INCREMENTAL DRAG COEFFICIENT DUE TO LIFT DUMPERS
C FODCL a INCREMENTAL LIFT COEFFICIENT DUET TO ENG OUT CONTROLS

C EODCD a INCREMENTAL DRAG COEFFICIENT DUE TO ENG OUT CONTROLS
C NXNYsNZ ARE THE NUMBER OF XCtYCtZC
C XC a THE LIST OF ANGLES OF ATTACK (DEG)
C YC a THE LIST OF THRUST COEFFICIENTS
C C a THE LIST OF FLAP DEFLECTIONS (DEG)
C CLA x LIFT COEFFICIENT AS A FUNCTION OF (ALPHA*CTiFLAP DEFLECTION)

C CrA a DRAG COEFFICIFNT AS A FUNCTION OF (ALPHACTtFLAP DEFLECTION)
C JFIG uI FOR MECHANICAL FLAPS PLUS VECTORED THRUST

C a FOP EXTERNALLY BLOWN FLAPS

1-7



C 3 FOR INTERNALLY BLOWN FLAPS

NAMFLtST ,'AERTI/ SBW#JFIG#C4HTtGALMX# ALPMX#ACLMDFVP#WtNCD# PRE
1 ~NXXC.NY.YC ,NZZC.CLA.COA.CCLSPOCOSP ,EODCLEODCLO

C PFAD INPUTS*

IF (IN*NE*I) GO TO 20

QwA (CAPDAEPTI)
WRITE (PRINT*AERTI)r ~WINCPRW INCO*DTOP
GALMXRoGALMX*DTOR
ALMXP*DTOR*ALPMX
ALPHO a ACLMD*OTOR

11 00
CflSP a FSP/S PRE
PFTURN

20 PI4OSaPHOZ2*SIG*S
IF (VTF *LE*1*0)11*0

14 OS a RHOS*VTP*VTF
X x-ACLMD
IF (IIE0#O) GO TO 21
IF(JFIG#LE&2) GO TO 23

23 YvTPSO

22 7= wDFLP
CALL LOOK(NXXC*NY*YC.NZtZCCLAiCDA)
CLMAX u ANS
IF(NENG*EQ,2) CLMAXRCLMAX+EODCL
IF (119GT90) RETURN

VSF*SQRTCWT/(CLMAX*RHOS~)
RETURN

ENTRY AEP02
t 60 ALTHR a ALFAP-WINCP+T14!P

ALFAD u AL.FAP*RTOD
tF(VTFoLF.1.0.ORe!RFV*GT*0) GO TO 61
IP'(JFIG#LF'.2) GO TO 65
CT a THMOM/OS
GO TO 62

65 CTxTGROS/OS
GO TO 62

61 CT x s0.0
62 X aALFAD

Y aCT
Z=vOFLP
CALL LOOK (NX*XC .NYYCNZ*ZCCLACOA)
IP(JFtGoEO.2sAND#IREV#EO.O) GO TO 72
IP(VTF.LE.I..AND.JFIG.EO.3.ANO.IREV.EO.O) GO TO
CL v AN$
Cfl a ANS2
tF(ISP*GT*C) GO TO 66
IF(NENG*NEs2) GO TO 64

{. CL a CL+EOOCL
CD x CD+EOCDD

1-8



G0 O 64
86 CL CL4OCLSP

64 CO aCD+CDDP

L tFTsC1.*OS
0PAGxCD*0S
PETUPN

63 LIFT aTHMOM*StN(ALFAR+DFLP*DTOR)
r'PAG s THMOM*COS(ALFAP+DFLP*DTOR)

VIV PFTURN

72 CL aANS-CT*S1N(ALTHP)
IF (VTF *LE*IoO) GO TO 73

Cr' a ANS2+CT*COS(ALTHR)
GO TO 74

73 Co a ANS2,CT*COS(ALTHR)
74 Cr 0 CD+CDOP

IF UISP*GT*C) GO TO 75

IF (NFNG#NE*2) GO TO 80

CL a CL4EOOCL

CO v CD+EOOCD
,*40 ~.GTO 8D

75 C L a CL+DCLSP
Cnr' CO+DCDSP

80 L!IFTCL*OS

PF';RN '5

I FVNCTIONALIN(ItX#Y*XA)

CWTURN
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SUpPOUTINE ATMOS 4'

fir, c 6400 F0PTPAN AT40SPHCRIC SUBROUTINE WITH MIL 3TO 2;10A TF.MPERATUIRE OPTION5.

C THIS SUBROUTINE CALLS FOR THE FOLLOWING ENTRIE5.
C KABDoOI(ABD
C INDEX IATM# SET IN THE MAIN PROGRAM. SELecrS THE TEMPERATURE OPTION.
C IATM x Ot FOR STANDARD TEMPERATURES
C IATM a I MIL STO 210A TROPIC TEMPERATURES*

C IATM a 2 MIL STO 210A POLAR TEMPERATURES*t C ATM 3 MIL STD 210A HOT TEMPERATURES.
C lATM a 4 MIL STD 210A COLD TEMPERATURES.
C tATH a 5 TEMPERATURE IS INPUT AS TEMF

INTEGER CARD.PRTNTPAGE
PFAL LIFTqNUMACH

DIMENSION TROPIC(15).POLAR(20).HOT(20).COLD(35)

COMMON /LISTI/LtNE.PAGE.LIMITCARD.PRINT. INPIPUNCHIDATE.HD(6O)
COMMON /LIST2/DELTD.ALFARTHPTLsGAMR.HINDVTF.WTMFDTTIMS.XF.
*FUEL.MACHVWF.LIFT.DRAGTHPST.RCF.ENGNOTHVIN

COMMON /LtST5/SIG.SOUND.NU.TEMRPAMB. IATMTEMF.OSOOHDRHCI
DATA NTPOPC.NPOLARNHOTNCOLO/2,*4,497/.(TPOPIC(1).IaI,15)/
I -84270.12.62808.804.548.14631, .0039108943.53595.,-a)5803.O1o
2 Q4397.625.2J3343864,.0C2033O33".6962O. .453.d6956967598.227s
3 28999406.0.0013433339,IOOCOC.*/.(POLAR(1).Il.l20)/220.31153s
4 -1058.4386* 443*77985o 0.0031011192, 3243,, 1623*94921 15111.8t66
5 455.6985. -5*1608824E-C4. 9882., 15029.377. 39599@146t 478.47166.
6 -0.002800841, 30O65*t 3b63*7771t 13319.676, 400.089219
7 -2*5384826E-04t 86C92./s(HOTf1).I=1,20)/-196560.19, 55620.773.
8 S5~Q154C7s -0.0039742099, 39400ot-109942*52* 73731.986,
9 398.98426, 3*172946E-04* 504C0.,-I23&23365, 47876.697. 410.41972.

1* 8486142E-04% 66400., 10388998.. -63820.3469 260.37596.
I M.0012429502* 1'0 00./,(COLOC(I),1a1,35)/-4H393.349s 10737.404,
2 !qois18101, 0.012984173* 3311., 0.0. 1.0, 444,6888, 0.0. 10744..
3 627229540.. 381783.16. 2121*07929 0*00331C1285i 30715.. 0.0. 1.0.
4 174*688t 0.0. 42377so-1609.4722t SIC71*614o 597.11641.
5 -0.0052531685, 50583., 0.0. Is~o 334.688. O0.0 6108?..
6 -5!0710058,. -31326.366. 1046,3219o -0.0026667396. 73055*/

NAMELIST/AM1/NTWOPC ,TROPICNP0LAP.0>OLAPNH0T.HCT.NCOLD.CO;.0

IFt IN-I )5sl1.9
I WPITE(PRINT94TV4')

C RYANDAPO ATMOSPHFQF

5 I(mP.GE,36r-89o239)GO TO 10

lrlIATM*GT*.0)G0 TO It

GO TO 30'
10 1~H.E66678(OTO it

PAMP a*261,PX(I74?5.86*(-~.$
k. I~lgAUoTo)GQ TO 15
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' av IC9.97
00 TO 30I 11 PDIAMS 114@345:/J.;9068:2..1406::74E.O5.HP)**34.16319.

16 Wf TMP GT.1oOOOGQ TO 15
CALL 1o8DPJYRoPC.HPTEM3.?RONt
GO TO 30

25 60T7M 16*424.27 0*52)IT

C TPOLAL ATMOSPH4ERE TEMPýERATURES.

100 1P(FfWGT&1000#Z)GO TO 253
CALL KABO (NqoLAQ.14F*TEMR9.RPOLAR
GO3 80O030

25TFMI a 3Z8.27

00 T0 30

C POLR ATMOSPHEERE TEMPERATURES.

2000 !~r(14F.GE*8000o0)GO TO 2130
CALL KA8BtNP040THFsTEMRoMOT)Q
GO0TO30

21130 TEMP 3748.27
GO T0 30 Q

C COLD ATMQSD14EPE TEMPERATURJSES*

900 IFI147.GTsl0000O0. 3 TO 21?0
CALL KABD 4NCOLO.NF.TEMV COL3)
GOC T0 30

2170 TEMP0 480
GO T030

C 6 COLDR ATO* kQ YEUFEQC59.6

ZY. ýP6 7amp & TCUR-459,67.-

ft,'
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SUBROUTINE FIND(N*Xs.YsX(C4YC)
C CDC 6400 SUBROUTINE WHICH PERFORMS A LAGRANIAN INTERPOLATION
C ON A ONE DIMENSIONAL ARRAY. If THE ARGUMENT IS OUTSIDE OF THE
C RANGEs A LINEAR EXTRAPOLATION IS MADE.

C THIS SUBROUTINE CALLS THE FOLLOWING ENTRIES
"" C NCP2C

C N- THEI NUMBER OF XP Y POINTS IN TH P ARTRAY
C X- ?ME ARGUMENT FOR INTERPOL•ATING

0C Y- THE SOLUTIONC XC- THE[ ARGUMENT LIST
c C- THE• OE:PENONT VARIABLE; LIST

DIFENSION XC(20) ,YC(L0T

0 NT•GIEQ CARO|NTo AGE
COmPU•N/..LISTI#..INEPAGE*LIMIT*CARDI•INToINPoIPUNCH*IDATEHD(60)

GO NLTO41 GO TO 50

- Iof.Nl.eI) oTOIPP(X*GE*XC(I)*.N1eX*L-*XC(I3||) GO TO 25
10 CONTINUE.J

o O so OO

S• 2~~0 )PI.LT.NtE.11I*| GO O 3O 5" ~25 IF'IIGT,2) 00 TO 30 "
lot

GO TO 4S
30 IF(|eLY*N-I) 60 TO 35

CALL INYPIP4%XsXCtYC*X*.YA.s.CI0)
CerUQNJ

:•:. • 50 1peikotvexctill lot

Ir4KxGTmxc•IN) fwIl
V 0 A.IN4I.XCYCvXl

L1 -

2342



c PEUIRE FOR PASES ITHILOOP SET TO 2 THROUGH 5. THE FIRST TIME ko
C SUv4AOUr EINESiLLEij:THE FMOIRSPTtMEPASI ASS WT IOPSE O TO -U
C ALL VARIABLES BEING INTEGRATED MUST BE CALLED IN EACH PASS WEORE V
C GOING ON TOH1E NEXT PASS. U

2 U
D*y.YOOT*OTI ME U
owflumo U
GO TO f10,20*30,40.50). (LOOP v

10*OuO. v
Cut*/SORT42.0 U

CPLUS*I.*+C
20 'a-* *5#Y-0O

Q*3*vQ-*5*Ove.0 U '
GO TO 60 U

30, D*CV#iNV.'-* fDV- 0

Gf4 TO 60 U.
40 QrvstvojU

GO0 TO 60

U

CVTURNU
ENDav
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SUBROUTINE GRNYG At

C 6400 FoRTRAN SUBROUTiNE WHICH INTEGRATES AL"TITUOE.R/C AND ATTITUDE At
C AND/ /OP GROUNDO SPEED. DISTANCE At

C00 GROUND SPEED. DISTANCE AND ATTITUDE At

'C TsflS PROGRAM CALLS THE FOLLOWING SUBROUTINES. At

C AEOFM.ATMOSGtLL. Alt

INvTrFAF CAQO.PQINT.PAGE At

OEAL LIFT.ICT0F.MACM.MJ.NMTOF, IYY AtI

IFL.MACK.VWF.LIPT.DR*G.TNRSTsRCF.ENGNOTNV.INAt

,OMO LIST3/ C*DSO*H~AT~CMXA*LRCA~APDCv&

COMO LISTA/ VFS.JPOW.TGROS.DWATHMOM.THREO At
COMM0ON .#LIST05/ SlG.5OUND.MJiTEA4R.PA'i45,ATM.TIENFOSOOH.ORHO0 At
COMMON ILIST6/e PTO*sDTOQ.KTOF.FTOKNMTOF.FTONM.QHMOZ.PH0Z2.GZ.PZ.TZ At
COMMON ,'OLISTB/I INOEXCOVFsGN.GT,#ANAT.*AXE.*AZE, ITRM.VIJPPER A

COMMON /LISTIS/ IAL'X.IN'T.XEDOT.ZEDOTXEZE*lLOOPOTIMEIAT.PLIFT. Al

COMMON /LGEO'M/ SH4SW.SCR.OOOT.RTH.iOTHTH.RWA .DTHWA.DSTHZ.oDWLH4Z.IYYR Al
ICG.ZCG.iCBAR.PPN.SINTHCOSTM.ANOLESINAL.COSA&.*RNZ.OTNN*vTSO.UOOT, Al
2WCMT.THETRsu.W Al

Al

GOTOe i0 It
30GAmQUATANQFZDOT/XE0T AOT

so V?sO.xEDOT.)IWOOT.ZEOQT*ZEDOT £l

IF SILME) 6*O60*O. As
90 £Lra~uALMXQ Al

Oat xCOOT.ZZEO?-ZEOOT.XEZIJT iPvTSO A
60 CALL ALIM0S

CALL. AtV*FAl

At
GO' TO I7.O.l.7 O .00 AtOO

60 VO.eJt.WCALL Gt1LL.~tTKCT02.LV3OlC *1 At
CALL 4-1LLMII sOO.)tV001$tt.f I LOOV aOT YIYWC)A

',,ooq 11T21101010A
90 CALL &1LLt. treDOT s X *OZE lLOO.00 lN4 I W At

90CALL4v .?ta G lk I ktOT4 2O?.a tl, . OOPI&0TwIGA

t" A,

#20 toL003A

Of, 't010 A 1

140 ILcoo*2 4Al

At
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"SUPOUT INE WE ADIPL)I AK
AKA

IEGER CAAD.PRINT.PAGE AK '
flIMENSION ID(IVIHP(IC)9NLES) AK

C0mMON, /LISTI/ LINEPAGE.LIMIT.CARD.oPRINT.INP.IPUNCH.IOATe.MOD(60) AK4
AK

00 21' 1v3*4 AK
Jv.2'tI AK
tr IF MOO(I.2.NE.O) WRITE (PRINT.3O) AK

30 FORPMAT (I" AK
"flCOQC 41O.40,NL(J)i I0 AKI

&0 FCORAT (f 12) AK .... ....
fl10 KojolO AK

KWID*lK) AK
10 N4Pt~tsHD('K~t AK

WQiTE (PPINT.5O) *P AK
530 FORMAT (I2X.IO(PX.Al0Il AX
20 C'N T I NUE AKA IK

lorTURN AK

FW^ AK

4: C FNYQY VuIN F4J¶CI ) X P04 V 04ATA,I

tAL-CYI I 1t- i-V*t t.)si/4E4 I I-Xt 1.02 ) 1 )/*(f* 14 I-t I**I/ttt

V I ft- I a StAO ItI$).wI ii Ij*' I OX f I a
r P~~~~~~~~tVI1tflt)t)Mta)U,

vt '*qq



54*UOUTINE KASD(NFITS.KC.YC.K) x
C 6400 FORTRAN KADO EVALUATION PRO4AAM, x

C 4WITS IS TWG NMRMER OF CURVE FITS STQ4MG, TOGETMER FOR THE K
C PADTICIAIR VAQIAftE. K

K
INTEGER CAPD.PRINT.PAGE x

COMMON OL4STI/ LINE.PAC;;.L1MIT.CARD.PRINY.INP.IPUNCjH.IOATE.NO(6OI K
COMMON /ISTQQ/1 SEAR x

:1DIMENSION K(5O) x

x

k 5 IF (KC-KII.41S 20.20,30 K
*0 VCuK(I)/IKC-K(1Ifl~l MtI*Z)*X(I*3)oKC K

30 3.1*5 K
IF II.LE.SOWITS) GO TO 10 KK
WPITE (PQINT,4O1 NFITS.KC.N(I-1)

APTURM x
C K

40 FORMAT (5K,35H UPPER LIMIT OF K ENCEEDED. NFITSmsj3.5M. XCw*412.5 K
).QH. K(IsS)..E)2.5) K

C 40U FOR4TRAna Mma4ut:'C nfl" OCES A POUR POINT t,4GAGXiIAN Iftapo V

SV

0' I 0 ^,"It ' Ivu

£~OZe~I 1^1kt6IOOKVI?,/tt*VxtI *tp IA t.011 101
ooft".-O4 IooltD 7,*Mitat )*Owt 0t,*Ovf 3,s1aw yvgI

30O VEJ)YI*IlC000*.?3PJO.(IO.tS*40

rho



SUBROUTINE LANDING

C64600 FORTRAN IV LANDING SUBROUTINE FOR STOL AIRCRAFT

*C TW4 BOUNDARIES OF THIS PROGRAM ARE
C VTD GT OR CO TO APvVvSTALL
C VOSS 4? OR EO TO APV*VSTALL

CTOUCHDOWN QATE OF SINsý fAi OR EO TO RS
C THETA AT TOUCHDOWjN GT OR EO TO ZERO
C THETA AT TOUCHDOW#4 LT OR EQ TO GALMX JAERO INPUT)
C A'..PHA OUPING APPý%.. -,C#H LT 04 EQ TO Ai-PMX (AERO INPVjT)

C THIS PQOGQAAI CALL THE FCLLOWING SUBROUTINES
C ATMO5S*SdIP.HEAO.THST1.NWTP2.AERO1.GINTG

INTFGER CAPOPPI'.jT9PAGE

DIFAL LIFT*KTO0F*ACHMJ.NMTOF

DIMENSION 4408)

CO(htON /LISTI/ LINE.PktE.LIH1TCAQO.PRIN4TINP.IPU)NCH.IOATE.Hot6Or F
COMMAON /k. IST2/ OELTt~.ALFAP.TNRTL.GAMRHIND.VTF.WT.HPOT.TIM4S.XF.FV
IrL.MACH~vVWFLIFT.DRAG.YHPTvRCF.EN4%O.THV, IN
CCOMAVOW iLIST340 CL.CD.SO5%,TIR*ALTHRoCLMAX.AR.CLAR.CMACG.Aý..P,40D.X#

COM40K /L 1 .iT4 FFS.JPOWTGROS.DAgTOý40m.THRtEO
COMM.ON ,PLIST9/ 'ýIGSOO#NNUtTEMPA.IATPDAIPTEM~F,0SOH.oPHO
COMMON /LIST6/ RTOD~~KO*TI%-OC*TNoH~~O~GIZT
COkwOft AI$18/ INOEX.COFFCN*.,T*AN.ATAX.AZITRvoVUPP~p
COMM.ON /LIST15I 3IALP.X.INTXEOOT.ZEOO'IteE.ZE.llO.~OTti4E.IATFL.IFT.

CcAEmoN ztLGeom/ ROO
I CGs ZCG.r-AQ Ff$NT.O~ ANGL.E SALC5 HOh4VTC. O.

C~ ~ o~.~ Iia QEr1tN V tI-'P

I I'S I stat ,N4ý16 1 10. 3091016513-,33-a C"5900 15 sp1: 38.o#

lo Cf TfWý rA*LEa metflI.T tot) ~LJ-~I ? $

C OG~~" INT%" coutL Q* t I*.TO TVACi.~ ATQ T(nt,%A

f~~CtW OtV- AL.'EG fC4 T0UOF r0%* PL

T 0, TJO. "AY Srllg T0Xs,^V!Q *wen S-c

Yofl* TfW (W&V A~fa %Ft

c *PC OA~t' o AV4C54A*4 '5'Prt- T
c (%TIS LC&7 FCY04AVALA'k ITYs~f0"-ACLc- AAILOLC T T-,%K0GI

to-t;*Af~lT&L L

__ *cz--,L-iU*- CC O I IN cw - *.-.>l.



BCOEFo BRAKING COEFFICIENT OF FRICTION
C GAMMA* INITIAL FLIGHT PATH ANGLE IOEG) (NEGATIVE IS OESCENDINGI

C ass MAXIMUM RATE OF SINK AT TOUCHDOWN IFT/SZC)
C (POSITIVE IS DEZSCENO-NG'
C QOTPT& EQUAL TO ZERO SUPRESSES PR0INTING OF THE ENTIRE TIM4E HISTORY

C THP4 FOLLOWING VARIAALES AU1E ENTEPSW AT TIME OF LOADING AND ARE USED
C UNTIL OVERRIDDEN BY READING THE APPROPRIATE VARIABLES IN LANDI
C :'LP a 80.0
C mFub a 5:.:0

C QTATV a 2.0

C APR 1*1
C OGYPI 0,30
C OGTO 0.15
C QCOEF a 0.10
C SCOEF 0 0*3O

CGAMMA v -7#90

C as a 0*0
C ROYPT * 1.0

NAPEELI5T/LANO1 /OFLPsaOyPT.HFoe.ROTATN.VMCGic.TeRK.TSp.APRRCOEFB3'0
IFP.TQYEVGAMM*A RS.VMCAPC.OGTN.OGTO

IF (IN*NF~l GO TO 5
PFADtCAPD.LANOI)
WRi YEf1PP 1NT .LANO I
QFTUPN

CALL ATMOS
QoHSvRHOz2*SfG4S
VMCG a VMCGK*KTOF
VlwAV1CAKOKITOF q
APV*APR
Cocr 0 0.00

I

ICCI PO'O3eATf)H1,3:,W.OUPv? C0P~tNITIO - L f .4'ASIEtT*9
101 t-YCMINATIOf OF 41-caLt aF ATTACK- At
?OR a/c AvAtLaotY AV rutc~www - I ~ QIT*/; Q
301 Ote*" IMIAY I C!N OF OFaC- ATTACKC AT ?T~~eCit)

404 Qo/C AVILaftf 41? TMKI 00SACLE I CNIVNEIh 0UTOoo/.I4M

TO~~

LI' OUPTPII

GO ~ S

C piJT jjtjj1aý



20 IF (POTPT*NE*Oo. GO TO 2;3

2: IF (LI::.;ToLI:ITl GO TO 30

CALL SKIP
CALL HEAO(NL)

WRITE (PPINTsI001) 140(273

GAMDsGAMR*RTOD
DCM*60 **VTF*S INC GAMR)
THETOSTHFTR*PTOD
THOTOUO*RTOU
ALFAD*AtFAP*PTOD
ALTI4DuALTHR*PTODV ~WRITE (PRINT. 1002) ISEGvHF,0FLPqWT.VTKRCMTHET~OANCLL1FTTGROS#
ITIMS, XE ZE ,GAMD, ALFAD, Ti4DTD, AT ,CoDPDAG.ALTHO
LtNF*LtNF+3

1002 FORMAT C1H0.I1I,6F12.3,2F12.5,2F12.3,/,12X,6F'12.3,2F12.5,2F12.3)

TO (THRTL&GTo1.0) GO TO 40
IF (TH$RTL#LT.0#0) GO TO '45

X 35 GO TO (I25,1530.175,2009250,260,300.330,350). ISEG
40 IF(ISEG.NE.1.OR.ISEG0 NE.3.OR.ISEG.NE,5) GO TO 35

WRITE (PPINT#1008)

1008 FORMAT (114 *13X,*THROTTLE GREATER THAN MAXIMUM POWER*)
GO TO 35

45 IF(!SEC.NE.I.CRISEG.NE.3.OR.ISEG.NEe5) GO TO 35
WRITE CPPINTIC,09)

1009 rOPMAT(IH *13Xt*THROTYLE LCSS THAN IDLE POWER*)
0O TO 35

C SFt APPROACH SPEED -FACTOR TIMES STALL SPEED (POWER ON I ENG OUT)

50 IN=0
THRTLm 1.0
CALL AEPOI
ALTMRxALPHD-W INCR+TH IR
VTY*S

FNCNOuENGNO-I.
NFNC,*2

P MACH - .'TF I/SOUN~D
VTFnlTFI

55 CALL THSTI
CALL AEROI
IF(JFIG.EO.2*ANDVTF*GT*1.) CLMAXUCLMAX-((TGROS*SINCALTMR))/(RHOS*

VTF.SORT( (WT-TGROS*SINCALTMR) )/(RHOS*CLMAX))Sf? YVTFu (VTFI-VTF )/VTF
IF (ABS(YVTF)9LFs0o000I) GO TO 65
IF (NSTEP#EO.0) DMACe MACH-VTF/SOUND
CALL NWRP2(DMiACoYVTFsMACHvYSAVt,'SAV)
NSTEP*NSTEP+ 1
IF (NSTEP*GT#15) GO TO 60

VTFI*MAC H* SOUND
VTFwVTFI
GO'T0 55

(j0 VTF*MACH*SOUND
65 VSFwVTF

ENGNOmENGNO+l.

NFNwOO
1Ns?



VSKeVSF*FTOK

VAP~wVMCA*APV
IF(VAPF*LT.VMCG*APV) VAPF*VMCG*APV
IF (VAPF*LT*VSF*APV) VAPF*VSF*APV
tF(VAPFsLTsVSF*SOQT(1.+DGTH)l VAPFaVSF*SORP cl.+OGTH)
IF(VAPF*LTVSF*SORT( 1 +DGTD) I VAPFuVSF*SORTC 1 +OGTO)
APV a VAPF/VSF
tARVmO
IGAM a 0

70 VTFmVAPF'
Vt.?'KmVAPF*FTOK

C (*TFPMINE ANGLE OF ATTACK AT TOUCHDOWN

100 VTFwVAPF
TIMS w 0.00

Ti XEa 0.0

02O00
INTF~wO

S16' HF=HFRUN+C4HT
IF UIGAM.EGO.OR.GAMR.LT.GAMMA*DTOR) GAMRaGAMMA*DTOR

Xt CALL. ATMOS

PHOSuRH0Z2*SIG*S
04,=RHOS*VTF*VTF
MAC~aVTF/SOUND
IYRM aI

GNu 1.0

ItJOEX=6
COEuO .0
CALL AEOFM
TmETRuALFAR+GAMR-WINCR

IF (ALFAR*LF*ALMXR) GO TO 110

C INCREASE VELOCITY TO DECREASE APPROACH ANGLE OF ATTACK

105 IAPVuIAPV+1
APVIaAPV+FLOAT( IAPV)/100*
VAPF',VSF*APVI
WRITE (PRINT,1003) APVI

1003 FORMAT(II$ *13X*1614VAP INCREASED TO#F7*3*12HTIMES VSTALL*/)

LINE a LtNE+2
Go TO 70

rC DECREASE GAMR TO DECREASE R/S TO MAXIMUM INPUT VALUE

110 Ir (VTF*SIN(GAMR)oGE9-(RS*1901)) GO TO 115
GAMRSASIN(-RS/VTF)
IGAMsIGAM+I
IF (IGAM*GT*20) GO TO 405

GAMO a GAMP#RTOD
WRITE (PRINT*1004) GAMO

1004 FORMAT(IH *13X**MAXIMLJM RATE-OF-SINK EXCEEDED* GAMKA RESET TO**
1F7.3o* DEG*)
LINE a LINE+2
00 TO 100

C CHVCK THETA TO AVOID $TAIL HIT$ OR INOSEWHEEL FIRST$ LANDING

115 IF (THETR*GT*GALMXR-WINCR)GO TO 105
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IF(THETR*GE*-0*001 GO To 120
GAMRnWZNCR-ALFAP
IGAM*IGAM+1
IF (IGAMcGT*20', GO TO 405
IF(GAMR.LT.O.( ,AND*VTF*SIN(GAt4R).GE.RSI GO TO 100
60 TO 400

120 tSG GaMI

C 125TFR~tLU 1.0 AVAILABLE AT TOUCHDOWN

CALL AEOFM
ENGNO a ENGNO+l.C
NFNGxO
THEYR a ALFAP-WINCRGAMiP

ISFG a2
GO TO 20

C DFTERMtNE ANGLE OF ATTACK AT THE OBSTACLE

150 HFinHFRUN+C4HT+HF083
ZE 0 FOB
GAMP aGAMTR

r", CALL ATMOS
PHOSSRHOZ2#S! G*S
OS=RHOS*VTF4VTF
MACH. VTF/SOUND .
GNu I* 0
GTxO*0
INI)EX 6
ITRM a

CALL AEDEM
T.4ETReALFAR4GAMR..WINCR
IF (ALFAP*GToALMXR) GO TO 105
ISEG*3
VOBSwVTF

El~ GO TO 20

C OFTERMINE P/C AVAILABLE AT THE OBSTACLE

175 THR.TL a 1.0

FNGNO a ENGNO-I.0A

NFNGNw2 UNN+.
CALL AEOFM
NENGNOaOEGO+
THTRANA-WNC*GM

ISFG 4

60 TO 20

C INTEGRATION FROM OBSTACLE TO TOUCHDOWN (DUE TO THE NO FLARE
C LANDING TECHNIQUE USED IN THIS PROGRAM THE INTEGRATION IS MADE
C IN ONE STEP)

1-211



200 GAMR *GAMTR
IF(GAMR*GE*0.O) 00 TO 400
IF (THETR*LT*-O0OI0) GO TO 405
TtMFIuHFOB/(VAPF*SINtABS(GAMR) ))
DMSTle TIMEI*VAPF*COS(GAMP)

CALL ATMOS
PHOSuRHOZ24IS IG*S
OguRH0S*VTF*VT'F
tTQM a I
GNuI .0
GTO* 0 .5

INMtrXu6
COtFuO*O
CALL AEOFM
THETR*ALFAR-WtINCR+GAMR
tsrG a5

GO TO 20

c INTEGRATION FROM TOUCHDOWN TO NOSEDOWN

250 TtMSS0O0
THRTLR0O*0
Xtso.0o

ZFNO*0
X~b0TuVAPF*COS(GAMP)
z~rnOTuqO.
GAMRSO*0
ALFARNTHETR+WINCR
tNflEXNI
INT*2
Os-ROTATN*DTOR
COEP aRCOEF
DTIMEwO.2
ILOOPKI
VTF uXEDOT

255 VTPIwVTF
CALL GtNTG

00 TO 20

260 IF (ALFAR-WtNCR) 265,270.255

265 DTw(W1NCR-ALFAR)/Q

VNDFu VTF-CVTF-VTFI )/OTtME*DT
XE'.XE+C0*5*CVTFVNDF)-VWF)ODT
VTF*VNOF

i 1270 TM2tMS
ISEG a7

OS*QHOS*VTF*VTF
MACHuVTF/SOUND
CALL. AEOFM
Tg.ETR80*0
GO TO 20

1-22
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C INTEGRATE FROM NOSEDOWN TO STOP

300 INTal
OTIMEaO.2
TIM~u0Os
XFuO.o
Zrn~o.
THETR=O.C
ZEDOT*0*O
08000
X~rnOT*VNDF
ILOOP*I

305 VTrIuVTF
IF (TIMS+TIME2oGE*TSP) ISPsI

IF (TIMS+TIME2*GE*TREV) IREVal71

IF ~COEFEO.8CoANF.ANO.EQ* GO~l GO TO15 2
IF (C0EP*E.BCOEF GO O TO132

WRITE (PRINT#1005)
105FORMAT(IH0,'13X~**LIAKE DUPESDELYE*

LINE a LINE+2
Eli ~ 320 IF (IREV.EOQl.AND.JPEV.EO.I) O*I TO 32532

so ~IF (COEV.NEO.0 O) GO TO 325

WRITE (PRINTI07)
1007 POPMATC 1HO,13Xq*REVERSE TORST*)

LINE a LINE+2
325 CAL GITGE*OIA~JE*QI OT 2

GOtPVEOO TO 2032
Jpvu

ISEG a9 8

340 VTF a VWF

4 INrDEXuI
OS=RHOS*VTF*VTF
MACHxVTF/SOUN0
CALL AEOFM
GO TO 20

C OUTPUT SUMMAPY OF LANDING

350 GAMT.GA?'TP*PT00
GO ISTC I ST2+XE
GTtME=TIME2+TIMS
TOISTvGOIST+OtSTl
TTIMEGTIMETIMEI-
VAPIK*VAPF*FTOK
WRITE (PPy .Tol105C) GOIST.GTIMEGAMTDIST1,TIME1,VAPKTOISI.TTIME.V

ISK
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1 ~1050 FORMAT(IM-.1OX*I7HGROUND DISTANCE n#F8#1.3H FTs4X913HGR0UND TIMEu
IP6*2,4M SEC94X*1 3mGLtDE SLOPE u9F6#2*414 DEG#//*11X#14MAIR DISTANC -
3 IONAIR TIME v#F6s2s414 SEC# 5XsI6HAPPP0ACH SPEED w$F6.
429414 tTS,//vl1Xot6HTOTAL DISTANCE o9F8*I.31 FTs5X#taMTOTAL TIME .
OF6#2i414 SEC. 6X*1314STALL SPEED 90*,62941 KTS)

RETURN

C OUTPUT SECTION FOR DEFAULT NOTES

400 WRITE(PR!NT#1051)
1051 Or0MAT(IH099X**GAMMA IS GTo OR EQ. TO ZERO -RETURN *

RETURN

405 WPITE LPRINT*1052)
1052 FORMAT(1NO.9Xs*INETA IS LT. ZERO -CONFIGURATION LANDS NOSEWHEEL F

GAMO * GAMRORTOD
TNETD, a THETR*RTOD

WRITE(PRINT91053) ALFADeGAMD*THETD

1/913X**TNETA a* F7*3** DEG*)

OFTURN

ENO
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SU•ROUTINE LOOK(NX.XCNYYC,NZZCB,92 LOOK
C 6400 FORTRA4 SUPROUTINE WHICH DOES FOUR POINT LAGRANGIAN LOOK
C INTERPOLATIONS IN THREE DIRECTIONS FOR TWO DEPENDENT VARIABLES* LOOK

LOOK
C XC, YC. ANO ZC ARE INCREASING LISTS OF THREE INDEPENDENT VARIABL.ES LOOK '.
C 0 AND 82 ARE DEPENDENT VARIABLE ARRAYS CORRESPONDING TO ALL LOOK
C COMBINATIONS OF THE INDEPENDENT VARIABLES BY VARYING FIRST XC, LOOK
C SFCONo YC AND LAST ZC, LOOK
C NO v to WILL RETURN A VALUE OF B AS ANS AND A VALUE OF 82 AS ANS2 LOOK
C F.OR SPECIFIED VALUES XAsYA AND ZA OF XC9YC AND ZC, ?APRZ
C NP 2s WILL RETURN A VALUE OF 82 AS ANS2 FOR SPECIFIED VALUES LOOK
C ANSXA AND ZA OF BXC AND ZC, ?APR2
C NO a 3. WILL RETURN A VALUE OF B AS ANS FOR SPECIFIED VALUES LOOK
C XA. YA ANO ZA OF XC.YC AND ZC. 7APRZ
C NO a 49 WILL RETURN A VALUE OF YC AS ANS2 FOR SPECIFIED VALUES LOOK
C ANSXA AND ZA OF BXC AND ZCs ?APRZ
C NOFR(1) a GREATER THAN ZERO. CALCULATE DBDX AND/OR DBDX* LOOK
C NOER(2) a GREATER THAN ZERO. CALCULATE D82DY ANO/OR DBDY, LOOK
C NDFR(3) a GREATER THAN ZERO. CALCULATE D82DZ AND/OR DBOZo LOOK
C THIS SUBROUTINE CALLS FOR THE FOLLOWING ENTRIES* LOOK
C LAGQA#INTP2 LOOK

LOOK
DIMENSION XL(5I.Xl(20),XN(IC ),YL(5),YM(2O),YN(10),YLL(5,. LOOK
I VYM(20),YNN(IO),B(I),82(1),XC(1),yCI),ZC(IlI LOOK
COMMON/LIST9/ANS.ANS2.ND.XAYAZAtINOICPIFLAG.NDEP(3)oD8ODXoDY, LIST9

0 DPRDZDOB2DXDO2OYDO2OZ LIST9
C THIS EQUIVALENCE STATEMENT IS NOT USED IN THE MILSTOL PROGRAM
C FOUIVA.ENCE (LI)*(KM) LOOK

OVOX(W) a C3+'$o(2,OC2*W*3.*CI) 7APR2
ASSIGN 350 TO IWHIT

LOOK
INrIC-I LOOK
LINX L LINY v LINZ LOOK
Otfi 10 fulaNX LOOK9S~IF'(XA-XC( t |)1 I 20,tO 7Appa ;

10 CC*TTINUE LOOK[ II a NX-l LOOK
IF a NX LOOK

LtNX I LOOK
GO TO 25 LOOK

121.I-2) 20*12* OIOOK

loIt Ir-NU71 6: LOOK16' 1 * NX-I LOO0O(

IF a 2 LOOK•. LINX a I t.00K ;

IF TO 24 LOOK
12 1 a LOOK

1105 Ir(t-NX)iJQI.l6*6 LOOK 1616 1 & NX-1 LOOK
1IF I 0 1,0CK LOO

Go TO 2r, LOOKG
20 I1NCtt*oG TO I1 LOOK ii

N LOOK

25 G* TOt24o26e*s78,#.6)*NO L.00K •

26 J1 I LOOK
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.DF NY LOOK

28tv30NYSN LOOK

30 CONINYUE LOOK
JO TO 45- LOOK

jor N LOOK
LINY w LOOK
GO TO 45 LOOK

31 4.3 LOOK
315 JI a-N)3,I3 LOOK

,6W aY-2 LOOK

L.N a .JI LOOK
WO TO 45 LOOK

30 1PNR21~ G TO 31 LOOK
4!' 4vJN)396 LOOK
4P6 J 4Y LOOK

35 oo vo J-2 . LOOK

50p CONTNU LOOK
GO TO as- LOOK

Aa Nj LOOK
LIJ2 a j LOOK

AS00AO IC06 N LOOK

so CNINUE)55525 LOOK
5~KI 0.Z1 LOOK

KP a 2ZLO

GO TO 65LOOK
St l(K-2515o2955LOOK

525 KI a3 LOOK
KfS aPK- 5756 LOOK
LIV.NZ-aI LOOK

92 tK 0 LOOK

fs : lp PLAGZ) fl:605:5. LOOK

t6 a K*I1 LOOK
57 I K-Z,6.5.7 LOOK

IF11 FLAGM56*7 LOOK
75IfK? fIPLAG~llS5*9LO

-3K * IFLAG LOO
XF aOOLA LOOK
GO TPNP(1.~OG O 61 LOO0K

99S I o meLA OO

1GO jProo TO:6 LOOK~
200 IrlW~(Qt3)*wcO.cO~ TO tLO

XV I .A . 4.. .. -

..ql 2A 7P.Z

l~t~.. . . . . . . . .. . . . . . . . . . . . . . .



210 1P(NOEP(21.EO.GO TO 220 LOOK
MPATH * LOOK

GO TO 320 LOOK A
220 IFINOE 1).sEQ.C~ANO.NDERt2).EQ*Q)GO T0 222 LOOK
221 IFr(MOO1NO.2)*NE*OIRETvQN LOOK
222 MPATH* LOOK

GO TO 320 LOOK
300 97 a I LOOK

DO 5500 MwKj*KF LOOK
tZ a IZ*i LOOK

310 IN~ 01 LOOK
V* 1200 L*IeI*P LOOK
IN a 1X+1 LOOK

320 I a ILOOKI00 1300 J4 a JI#JV LOOKIV a IY*£ LOOK
171 IPAYHoLY.4 £00 TO 330 LOOK
IF(MQ100NO2).IIE.C1GO TO 330 LOOK

i a N+I-JJLOOK
GO TO 3460 LOOK

3304.44J 100
340 CONlIMAI

SPIIPATN*EQ.I£ 40 TO IW.41T*(300)
Ii a ILOOK

SO 1400 K*Kt*KF LOOKfIF I IPATh.*EO.' 30 TO WI*30
DO 1500 181161F LOOK
IN IK*1 LOOK

350 IJSCaINKJ-.V(-~ LOOK
GO ?OM36Q3103830*380191PATH LOOK

360 "flyV) 0 B(IJKj LOOK
ttf~*hLC.2)~(~IV1 82aaIJK1 LOOK

GO TO43 LOK~

GO TO 300 LOOK

tPfLImX.~t0*0GO TO 38LO

IFlwO4LC*2)'VN(IZ1 f ALIN42,MI..YLLvXA1 A£

0,~ to 405 00300 IF11lNF.IP'O1q0 T 400 LOVw IZ1 YVI.IX Leik
vNtItZI VLLIRY)I
W, To 405 LOOK

400 ItE) 0 a LOOk
CALL LA4Q IXL*VLI#401 LOOK
VdtZ) a YL1I) LOOK
lP1AOGT*2$GO To 4101, %LO0K

CMALL L~AW4XLeVLL~tWO1 Loog
V2 LLftI LOOK

IOS XN412 ZCtKj LOOK
£400 C0Nrt1PKI LOOKe

FILl"Z.*orS)Ir* O 7 408 LO
VwfIV1 * ALIN#?.vPMV'd.TA9 VAPQ2

Go TO 430 LOOK



408 IPF(KIALEKFIGO TO 420 LO
Y~qIY) YN~I~iLOOK ~

YMI1I * NII)LOOK

6PP0.T2O TO 430 LOOK

CALL LAGQAfXM*YVNN.NO) LOOK
V~( Y1 NI4#) LOOK

43 t~s~a)G TO~Y 43C(J LOOK

IP( IPATM*EO*4 160 TO( l3OsI0*l3,1300.98) .tD LOOK
J 3400 COKT INUE LOOK

IFtLINY#EO.O)GO TO 43a8OO
ANS a ALINt2*XM*Y14.YA) .7APP2
171 IPATrl*EG*3i080Y a SL120XM.ym) LOOK4IF(N~oGT*2)G0 TO 460 LO

LOO
176 IPAT"*EO*31DG2DY a sLf2*XMoVMM) LOOK
6070O460 LOO

438 IPCJI*NE*JP)GO TO 450 LO
ANS a YMIIY) LO

450 CALL INTP2C5.XM.YMeYA.ANS.Ci eC2.C3.C4I AQ7APP2

IP(NDG~oZGO T 460LOOK
CAL%. INTP2IS.XMYMM.YA.ANSZCI .C2.C3.CI A2
1PhlPATH*LEO*3)DPZOY a DWDXtVA) ?APR2

120 3PNO9LE*2I)ANSCX ANU LOOKI

IrtLINX~r0.0)fi TO 498 LO

AN$? ALINI2.XL*VLL.XA) 7APP2
tFI1PAtH*EO.2jD9OX * SLtZ*X.L*L LOOK
GoiDGO1O T0 522 OO

ANS2a A.L.YjNInZ * VLLsXA) AQ

CIO t0 1100 LO
510 CAUl. tNTP2(5.KXL,)C*A.APkfrtC1,C2.C).C.) 7A0

11 .G.)OTO 5-2 OO
CALL INTP21.)CL.YLL.KA.AN.2C).C~.o23.C4I ?A992
174t IPATHOE0621orgo 0 owtItxOA) AP

r-522 3P(tPAT'4.Eo*23G0 TO 210 LOOK
Kwlz YNjZ ANS Lock

*wIr AN%2 4,00K
1100 i~tNItt * ZCIUC LOOK

It#LtZ~rf.O f*0 TO S20 LOOK

C'1S~Z *~L(,t4.'4)LOOK
4, PINO.*G?.2ICO V0 2 LOC 4

&V0 0 &LIO ?sOOvtwZA

j-28
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528 IF(.CJ.NE.KFIGO TO 540 LO
3 AN% a Y'WIZI LOOK

LA$.2 0 YNNM1Z)

LOOK

CALL INTP2I5.XM.YD4M.ZA.ANSZ.C1.C2.C3.C4I 7APRZ
rlPPr,2 OWOKEZA) 7AP~a
GO TO 200 LOQ8 YM~j~ * XIY)LOOK

too IPr(J-Ny)lcI*I06*I06 LOOK
101 I71j-j11c7*107#)02 LOOK
102 lFlJJ-3)1300.130C.£oLOO

10* ~LOOK
106 IF(ANS-YM(I'w1)I300#II6*1. LOOK
107 t7(ANS-YM(IY),113st16,I10 LOOK
110 CALL 1INTP241Y.Y~t.YMM.*ANS.AN$42,Cl.C2.C3vC4I LOOK

IV *V 7APR2
r01111:1,:7APRZ

IV 41* 7APR2

* NV*2-IY 7APR?2tCALL INTP2(1YYMeVMP4*ANSeYA.C3*giC~.3tCA) AP
O"URNLOOK

113 INDICez LOOK
GO TO 116 L0OOK

.114 INOIC*3 LOOK
LN~ *LOOK

116 AlNk? YK*~ LOOK
J NY*Z-IV 7APQa-
VA . C(J) TAPQZ

0? TIJ~NLOCK

1?IV0IV-) LOOKZ
00TO 116 7APP2

AA

c 6*OC; f0YaNa ",uCOuTI~t TO 00 NETO W Q4PS0N LIK& I? C0%VEQ"NU* LA

LA
IF. i~lI .10*20,10 A&

LAA

A&

LA4

LA&
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SUBROOT INE SK IP AL
C 6400 FORTRAN PAGE EJECT SUBROUTINE# AL

DE'AL LIFT9MACHNN AL

0D40ENSION NEAO(I61 *NAME( IC) AL

COMM"ON /LISTI/ LINE.PAGE.LIMIT.CARD.PQINT.INP.IFUNCHbTDATE.HD(60) AL
COMMON /LISTZ/ 0ELTO.ALFAR.THRTLGAP'R.IIN~OVTF.WTMF.OTTIMS.XF.FU) AL.

IEL..PACH.VWFLIFT.oRAG.TH4RST.RCP.ENGNO.THV.IN AL

COMMON /L15T3/ CLCDSOS.0 .HIR.ALTNA.CLV-AXAR.CLAg4.CM4ACGALPHO.CX# AL4
ICZ.O. IMONWINCQ.CMDMP.OSC.ALMXR.VSF.BW AL
COMMON /LISTS/ SIGSOUO.*NU.TEfl.PAM8.IATI4,TEO1F.DSOSCNsRHC AL

DATA (NAME(I)&.Jw~1/ICH5rNTAN0ARD A*9HT"OSPHEREoICHTROPIC TEM.9HpE AL

IPATURES910H POLAR TE~v9KPERATURES*I0H NOT TEM99HPERATURES*1ON4 C ALLi OLDTVP'.qPERQATUQFlS/ AL.

OATA IHt.(I).I1*591/10N *ION AIQSPIEED910H ALP04A oI ON AL

IALY ER0OQsa(VM ALTITUOE. ION AX~e IOH AZvI,.OH CLo ALI
C~o.1H DISTANC~vICH ORAGsIOH ELEVATORtION FUEL U AL

3SMfl10H FLY* PATN#IC'H FUEL9ION FUEL FLOb~.I0H HEIGHTvION H AL
400.K KT..I0""ORIZONTALsIC" LIFesIONLOAD FACTevIOM MACH NOo.jO AL
SNNOQ* ACCELaIOH OSSIO14 RAKGEsI0HR#*C ACTIJAL.30H SIEGMEN AL
bTtlom SEP*ICH SEP/WF#IuN SPo PANGE#IONTAN. ACCEL*ION THA AL

70?1LEa.IH THETAsION THETA 0OT.oI0NTH OUL (WT910" TIME910H AL
8 *ZIGHI.ICH 40EG3RCES)oI0H (FEET) ICH (F/S/SsI0IO (FToOU3) o AL
Q)D#. (FT/MIN)910H (FToPSELC3.I4 fGj*IOm (PCNOTS)IQNC (1.8/ AL
£14R)oICH (MINUTESI*1CH (N MI/L8)oIOH (N M16E-S)*10ON tPERCENTI&ION ( AL.
spouNOS 1 91 ' THAQ$ToICKR/'C INSTANalom TEMPosION COEG FsIlO At.
owd FLAPoION tSECON0S)eIOmHTST ALPt4A*10H (OEGv1SEC)/ AL

C TWt INPUT CONSISTS CF TWO ALPHANqJmERIC TITLE CARDS A
C CA0l) I - COLU4N!t 2 THQOUro" 2C~ ARE RESERVED FOP ENGINE
C IDENITFICATION
C COL.UMNS 21 THROUGH4 8C ARE PRI&NTED AS A TITLE LINE

C CA~CP 2 =C%.U!MNS I THQOQGbi 80 ARE PQINTED AS A SECOND

IF IRN.NPelii GO TO Ic AL

1210 FCEZAT tIXAQ#7AI0O/BAIO) A

to CALL 5r'oNf1yDA i 42HICRV

woI rTr (PR 4?Iy)~ IDAfl-.T.p4OE AL

I,. PIKAYD' tl"!64ftOk.tO AL

160 VNJ'4AT *34.L*.~i
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GO TO 6T40 AL
20 WRITE (PRINY.I7CI TEMF AL.

370 FORM9AT: IlIH~q84Xl2HTEMftQATURiEs.*,F It5HOEG F) AL
GO TO 4 AL

30 WRITE (PPINTeISC) DT' AL
100 FOOMAT 14.4 ~M.P..~E FRO14 Slc)l AL
40 W I TE IPPINT*1901 (HEAD(l).1w33161 AL.

PAGFGPAGE4) . AL
If IIND&GT*9) GO TO 5C AL
00 TO (60*60,60*60,80#9O. 60t60*60)# SNP AL

60 l)aINp-ts AL
00 TO 120

60 LIW..S84 At.
QtfTuQN AL

220 F0ORAT (2CX.*03TL LAIOING.)
120 LINFe ALtrUN A

AL

xt4.* ",'M



GENERAL SIMtA.TANEOUS EQUATION SOLtUTION SUBR3OUTINE* L
N5 4.1. aNO* OF SOLUTIONSIMAX 619 CN COEFFICIENTS* EQUATION FOR L

C CN(teI) e CNII,2)A(I$*CN(1.31AI2)+...CN(I.NSOLIIA(NSOLI
C WWRE I TAKCES VALUES I THROUGH6 NSOL * AND AM II iR SOLUT IONS,* L
C SOIUTIONS ARE ReTURNE AS CNII#I). L.

OIMENSION CN46*7)

I UNsot. L
40 TO 20 L.

20 jjwII*I L
00 80 ImItIf L

C IF' CNt1*JJ)&EG&0.0
C IF 1.0?.) ADOOCO I TO EGto
C IF l.EO.I FIND4 LOWEST thaN) WHERE CN(1,J4)*Nebo.oo
C AND AOO EO N TO ZO

Ir(CN(1.jj).tNEe.0.)G0 TO 30
32 wz:

IrtCNtN0JJ)*NE*OeO)GP TO 36
32 CONTINUE

3000 OP 4A(ISOX64C0LUW4.2X.I2.2X8HA3L. ZERO)

36 M0 30 o 4
3 tZ14RIM *C40p)CNN

C DlIVIE QOV Oy CN~ts..I)n LEAVING I* IN LAST OR JJ COLUMN OF
C CURRENT MATRIX.

70 QCps3./,CNfI$JJ1 L

40 CwIIf.J.Cmt).I.R*cp L
60 CONT I NUE L

L
C STO-E3 EQUjATION POP CAI.CULATIPLG SOL~vIN 3N EMPTY COkUMha. L
C LA.S? NUMSER STORED IS PIPST SOLUTION. L

65 C"Itt-ijJ 4 CýUiIff

sw flu ~00900.70 1.

C ~ Ii. 06 YiW 9149SV SQ*.UTION IS CCA45LET~.

t 4A"tuI1NG 1. 19 AC- LAST COLU.'iM, SV0.`ACTI1N' SUCCESSIVE EQO)ATIGN5
it ;ttS4A.?S IN Ok-E* ;E65 EQUATION EACH4 *IT-- OC LE~SS U##:N0*um

Ito 1 1,816.It.. L
S ?~ * IL

00 0 J01011

C CaICULATC 4WjbAAIN(G SOLUTIONPS.* STOCK IN P112S? 00L.tjwa t

1iv I IQ *a

L

M. tt I

tit Ltpc ewts42N



) SUeROUTINE TAKEOFF
C 6400 FORTRAN TV TAKEOFF SU-3POUTINE
C STOL TACTICAL AIRCRAFT INVESTIGATION GROUND RULES -JULY 1972

C THF BOUNDARIES OF THIS PROGRAM ARE-
C yR GT OR EQ TO VI AND VMC GROUND
C VLO GT OR EQ TO VSC *VMC AIR
C ALPHA AT LIFTOFF LT OR EQ TO GALMX (AERO INPUT)

4 C ALPHA DURING ROTATION LT OR EQ TO ALPMX (AERO INPUT)

C THIS PROGRAM CALLS THE FOLLOWING SUBROUTINES*
C ATMOSSKIPHEADTHSTINWRP2,AERO1.AEOFMGINTG

INTFGER CARD#PRINT9PAGE
PEAL LIFT*KTOFtMACH*NUoNMTOF

rDImFNSI;ON NL(8)

COMMON /LISTI/ LINEPAGELIMITCARDPRINT, INP, IPUNCH. IDATEHD(60) F
COMMON /LIST2/ DELTDALFARTHRTL.GAMRHINDVTFWTHFDTTIMS.XFFU
IFLMACH.VWFLIFTDRAGTHRSTRCFENGNOTHV. IN
COMMON /LIST3/ CL.CD.SQSsTHIRALTHRCLMAXARCLARCMACGALPHDtCX#
ICZO, IMOMWINCR.CMDMPoQSC.ALMXRVSF.BW
COMMON /L I T4/ FFS*JPOW ,TGROS tOWA ,THMOMTHREQ
COMMON /LIST5/ SIGSOUND.NUTEMRPAMB, IATMTEMFDSODH.DRHO
COMMON /LIST6/ RTOD.DTORKTOF9FTOKNMTOF,?FTONMRHOZRHOZ2,GZPZTZ
COMMON /LIST8/ INDEXCOEFGNGTANATAXAZ, ITRMVUPPER
COMMON /LISTI5/ IALMX, INTXEDOTZEDOT#XEtZE, ILOOP.DTIME, IATtELIFT#
1DFLP*C4HT .GALMXP
COMMON /LGEOM/ SHSWSCR.QDOT.RTHDTHTH.RWADTHWADSTHZDWLHZ, IYYX
ICGZCGCBARPFN.SINTHCOSTHANGLE ,SINALCOSALRHZ.DTHHZVTSQUDOT,
2WDOT#THETRiU*W
COMMON/CONTROL/.FIG, IREV. ISPNENG
COMMON /LIST99/ IEPR

DATA VSCDFLP9RCOEF.BCOEFROTATN.ROTPT.TIMPTIMBDGLO/l.O5c25.,.l,

DATA (NL(I),I=I.8)/lOHO55637Q226,1IOH3323OIB2052,1OH3938514542,1OH35E. I~4(~lI;151 ,10H3610171403. 1CH3431091 158, 10H5739393838, 10H5940015138/

c lFNITION OF VARIABLES IN NAMELIST ITAKEOFII
c VS a RATIO OF LIFTOFF SPEED TO AIR MINIMUM CONTROL SPEED

0 C DGLOu INCREMENTAL LOAD FACTOR REQUIRED AT LIFTOFF
C FLPuFLAP SETTING IN DEGREES

C RCOEF a ROLLING COEFFICIENT OF FRICTION.
C BCOEF a COEFFICIENT OF BRAKING FRICTION
CV VmCGKm MINIMUM CONTROL SPEED ON THE GROUND (KNOTS)
c VNICAK aMINIMUM CONTROL SPEED IN THE AIR (KNOTS)
C POTATN POTATION RATE (DEGREES PER SECOND)
C TImE w REACTION TIMR FOP ENGINE FAILURE (SEC)
C Ttm!4 BRSAKING D)ELAY AFTER ITIMPO (SEC)
C POTPT EOUAL TO ZERO SUPRESSES PRINTING OUTPUT FOR
C SEGMENTS 4,6 AND 8.

C THF FOLLOWING VALUES ARE ENTERED AT TIME OF LOADING AND ARE USED
C UNTIL OVERRIDEN UY READING THE APPROPRIATa VARIABLES IN TAKEOF:

1-33



C VSCu1.05

C DGLO=Oo 10
C OFLP*25*
C I4COEFzO.1O

*C f4COFFxO#30
tC TIMP1.*O

C Ttmsupo0

C POTATN",OO
C POTPT1.o

NAMEL IST/TAKEOF1/VSC.DFLP.RCOEFOBCOEF.VMCGK.VMCAK.ROTATNs
J:)OTPT~trI'MRTtM.oDGLO

IF (IN*NE.1) GO TO 10I REFAD (CARDeTAKF:OFI)
WPITE (PPINT#TAKEOFI)
OP~TURN

10 HFrgUN*HF
HFxHFRUN+C4HT

I8ALxO
CALL ATMOS
PHCSAPHOZ2*S IG*S
VW'CA aVMCAK*KTOF
VMCG a VMCGK*KTOF PRE

V IF aVMCG
VI. VMCGK

WPITE (PPINT*914)
914 FOPMATt1NI.3X**OtJTPUT DEFINITIONS T AKEOFF*#/t4Xt*SEGMENT a *

1*1 DETERMINATION OF LIFTOFF ANGLE OF ATTACK**/*14X*
2*P INCREASE VLO TO AVOID GROUND CONTACT*,/#14X#
3*3 R/C AVAILABLE AT LIFTOFF - I ENGINE OVT**/*14Xt
4*4 VLO TO VP INTEGRATION STEPS**/914X*
5*5 CONDITIONS AFTER VLO TO VP INTEGRATION**/#14X*
6*6 VP TO VF INTEGRATION STEPS*#/#I4Xt
7*7 CONDITIONS AFTER VP TO VF INTEGPATION*s/#14Xt

k, 8*8 VF TO STOP INTEGRATION STEPS*#/#14Xo
9*9 CONDITIONS AFTER VF TO STOP tNTEGRATION*s/sI4X#

1*10 V*0 TO VR INTEGRATION STEPS**/914Xi

2*11 CONDITIONS AFTER GROUND RUN TO VR*3
L INEuLIMIT+1

Go TO 160

C OUTPUT BLOCK*

20 IF (ROTPTsNEs0.) GO TO 3CL,

IF ((ISEG.EO.4).OR.(ISEG.EO.6).ORg(ISEGeEO*B)*OR*(ISEGeEO.1O))

IGO TO 60
30 IF (LINE-LIMIT) 50*40440

40 CALL SKIP
CALL HEAD(NL.)
WRITE (PRINTt913) HD(?7)

913 FORMAT (IH+#1X#A10)
50 VTK.VTF*FTOK

GA MD aGA MR*PTOO
PCM*60.*VTF*SIN(GAMR)
THFTD*THETR*RTOD

THOTDaO*PTO'"
ALFADu ALFAP*R TOD
ALTH'DoALTHP*RTOD
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WQITEr (PRINT*912) ISEGHF.DFLP.WTVTKRCMTHETOAN.CL.LIFT.TGROS.T

I 1MSXEZF.GAMDALFAD.THOTD.AT.CD.ORAG#ALTMD
LINEaLINE+3

912 FORMAAT (1HO,1ll.6F12.3,2F12.5.2Fl2.3/12X,5F12.3.3F12.5,2F12.3)
60GO TO (250,210.570,610s67Ce68C,700,730t750.820e950).ISEG'A

C SFT REQWIRED LIFT-OFF SPEED (POWER ON STALL LESS I ENGINE)

160 IN=O
CALL AEROI
ALTMP aALPHD-W!NCR+THIR

iy VTPI *VSF

FN.GN0 ENGNO-1.
NFNGu2
THPTLat1.00
mACH a VTF I/SOUND

VIT a VTFI
NSTEP a 0

170 CALL THSTI
CALL AEROI
1P(JF!G.EO.2oAND.(VTF+VWF).GT.I.)CLMAXUCLMAX-( (TGROS*SINCALTMR))/(

1VTF*VTF*RHOS))
VTF &SORT C(WT-TGROS*SIN(ALTMiR) )/(RHOS*CLMAX))
YVTF' P (VTP1-VTF)/VTF

1F(ABS(YVTF')-0e000I) 174*174,171
171 IF(NSTEP) 1739172*173
172 DMAC u MACH-VTF/SOUND
173 CALL NWPP2(DMAC*YVTF*MACHtYSAV*XSAV)

NSTEP a NSTEP+l
IF(NSTEPoGTs10) GO TO 161
VTFI a MACH*SOUND
VTF a VTFI
GO TO 170

161 VTF a MACH*SOUND
174 VSF x VTF

I Na2
VLOF w VSC*VMCA
1V5rCsO
tLOFuO
VTF*VLOF

VSK*VSF*FTOK
1F(VTF*GEeVSF*SQPT(1.,DGLO)) GO TO 25
tLOFuI
VTFUVSF*SORT( 1 +DGLO)

25 VLOF=VTF

VLOKaVLOF*FTOK

C OFTERMINE ANGLE OF ATTACK AT LIFTOFF*

190 VTFuVLOF
THPTLU1.00
ISP 0 0
1PFV a 0

COFF a RCOEF
T;MSxO.O

0.0

I ALMXUO
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I NTEGu0
HFsHFRLJN+C4mT

GAMPu0.
ALPAPSW INCR
INOEX=5
OS=RHOS*VTF*VTF
MAC~aVTF/SOUND

(ALFLO-NR) 0C2.0

IF (ALPARLE.GALN'X) I0sEGý21

IF(ALFAR#GT*GALMXR) ISEG*2

20 ADNSTCRO TO AVI:GOUND CONTACT

917 LFGTO GOX.6HTO 2N1A1 O,732,ZTIE MAP

21 WVSCI*x(SOP(.+G+FLOAT(IVSC)/100 .

WRITE (PRINTo910) AL.FAD
WPITE(PRINT*917) VSCI

911 OMTI ,QX*16HVLO INCREASED TO*F7*3,2XsI2HTIMES VSTAL.L)

C INET=RMINE PCAALBE TL30~

250 TNOE25

211 VTMOS*F*VSQTFl+GO+FOTISC/0
VACH. VTF/VSOU
CALL E(PPMT90 LA
WPTHE(PwAFPINWINCR+GAM

GO TO 20

C NTEGRATION P/C AVAIALE TO VP. OFF

250tNEXVLO

590 H*VTFN+C41-I
CALL ATQMS

Z80 0 w* 0

TIME2*0*0



I ALMX3O
I ATmO

-1 TmETRuALFLO-W INCR
XEDOTmVLOF
ZFDOT=O.O

4 ~INflEXuI
INT*2
OuPOTATN*OTOP
DTIMEu-O.2
ILOOPul

600 4T~wT
GO TO 20

C CONDITIONS AFTER VLO TO VP INTEGRATION

610 IF (ALFAR-WINCR) 620,6509600f 620 0T*-( ALFAR-WINCP)/O
ALFAP3 WINCR
THFTP 0.00
VPFaVTF+DT* (VTF-VTF 1)/OTTME

IF(VPF-VIF) 625.640,640
625 OVLOF a(VIF - VRF)

IF(DVLOF-e1) 640,640,630

C EMPIRICAL FACTOR ADDED TO IMPROVE ESTIMATE OF DV NEEDED PRE

630 VLOFsVLOF+ *75*(VIF -VRF)

GO TO 190
640 XF=XE+( .5*(VTF+VPF)-VWF)*DT

VT~wP~VF
T IMS=T!MS+DT

650 SFG2 u-XE
TI ME2w-T IMS

660 VTK2=VLOF*FT0I .0 SE=

IF(ABS(VTF-VIF)*GT*190) ISEGU5

INDEX~l
O~uRHOS*VTF*VTF
MACHUVTF/SOLJND

CALL AFOFM
GO TO 20

C INTEGRATbON FROM VP TO VF

670 SF3w0.O00

TIME~uO#O0

INT*I
OTIMEu-092
XF*0*00
7FU0.00
THFTRn0.0
XFnOTmVRF
ZFflOT=O.O0
ILO0Pul
VTFnVRF

675 VTFIuVTF
CALL GINTG
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c :CONDIIOSAFTER VPTOVF INTEGRATION

60I(TF:5.)6850,O675

YFa XE-((VTF+V1F)*O.5-VWF)*DT
VTFxV1F

690 SEG3x-XE
T 1ME3a-T IMS
VlwVlF*F"TOK
I SFTG s7

OS=PHOS*VTF*VTF
MACH*VTF/SOUND
CALL AFOFM
CO TO20

c INTEGRATION FROM VF TO STOP

700 TIMSO.O 1
tNT.!

DTIMEZC'.5
TIM4E~s0.00

THP*TPaO*O

XEDOTmVIF

ILOOPNI
VTFiV IF

71 VFiuTIM 1*O*TIME*GE*TIMR) THRTLWO#O

IF(TIMS+C*1*DTIt4E*LT*TIMP+TtMB) GO TO 720
COFFzaCOEF

IPFVul

NFNG a2i
720 CALL GINTG

GO TOO 20

C CONDITIONS AFTER VF TO STOP INTeGRATION

730 tF(XEOOT-VwF)735o740,713
735 D? a (VWP-XEDOT)/(VTFI-XEOOT)*OTIME

XP. w XE+(CC5*(VwF+XEDOT)-VWF)*DT
TImS a TIMS-OT

740 VT~uVWF
I.AF'G9
INPEX. I
O5gmRHOS*VTF*VTF
MACN. VTF/SOUND
sFG5vXF

TIME5uTIMS
CALL AEOPM
GO TO 20
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~ UN~ ~~ AaU '1 t I~, "NAX~SV~¶..'U~'UU ;-- 7*7,
7
47'7

7 ~77., VI C M.OfntFY VI TO SALANCE ISEG*3 + ISEG%2 WITH ISEGm5
750 IF (SEG2*SEG3.LE.SEG5.ANO.IBAL.EOO) GO TO 795

IF(ABS(SEG2+SEG3-SEGS).LE# 2.) GO TO 795
IF(ISALoGT*20) GO TO 795
IF(t8ALoGTsO1 GO TO 755
VOLDmVIF

n'.SEGZ4SEG3
tO4aSEG5
VNFWaVIFP0

VIF.l*VOLO+(C0-DI )/(VNEW-VOLD)/(3D~lO)

17J8LEI TO TO676

Dr'PaD4

765 Ww1E(V NTI 5)V

760 I4~SA*)SL

IFIA*Eo)G TO 765

795 WQITE(PR!NT,99I) VIB

916 FORMAT(IHOtIOX,*F!ELD BALANCED IN *#129* ITERATIONS*)

C INTEGRATION FROM V.0 TO VF

800 DTIMEuI.O
tNOEXal
HFaI4PRUN+C4HT
CALL ATMOS
Qb4O~wPHOZ2*SIG*S
TIMSuO*O

THFTRu 0.0

ENGNO a ENGNO+*1
NFNGuO
COEFP a RCOEF

XP'1'OT aVWF
ZFflOTaOoO

ILOOR. I

8510 VTIuV:AFT:. :V :TG At

CALL GINYG

820 tIPVTF-VIF) 810,8400830
830 D~-TM*VFV~/VFVF)
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XFUXE,+ (VTFV17**.5-VWF)*DT
TIMS*TIMS+OT
VTFiV I F

840 SEaIOXE
TIMEIsTIMS
VYKI .VIF*FTOI(

tNOEXal
OgaRNOS*VTF*VTF
MACM*VTF/SOVND
CALL AEOFM
G(' TO 20

C OUTPUT SECTION FOR DEFAULT NOTES

900 ALFLO a ALFLO * RTOD
WRITE (PRJNT,910) ALFLO

910 FOQMATCIHO99X,*AIRPLANE LIFTS OFF AT ALPHA o*F7*3i* DEG*)

OFTURN

C OUTPUT SUMMARY OF TAKEOFF

950 Gflt5TacFGI+SFG2+SEG3
GTIMEaTIMEI+TtmF2+TIME3
Arn ISTESEGI +SEG5

ATIMEaT IMEI+TIME5

WPITEtPRINT,955) VIK*VRK#VLOK*VSK
95FORMAT(IHO#0IJX9*ENGINE FAIL.URE SPEED w**F7e2i* KTS*,/oIIXt*ROTATIO

IN SPEED u*oF7*2s* KTS*o/oIIXo*LIFTOFF SPEED a*#F7*2** KTSO,/,IlX,*
2STALL SPEED n*tF7*2#' KTS (WITH ONE ENGINE OUT)#
WPITE(PRINTe9S6) GOISToGTIME

956 FORMAT(1140#I0Xs*VaO TO LIFTOFF*,/,lXoX*DISTANCE a**F7*2** FT**1OX*
1*?IMC u*9F7s2s* SEC*)
WPITE(PQINT*9571 ADtSTsATIMF

957 FORMAT(IHoq10Xo#AI3ORTEO TAKEOFF**/*I1X,.DISTANCE w**F7oZ9* FT**IOX
1,#TIME uOF7&2#e SEC*)

RETURN

END
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SUBROUTINE THSTI
C 6400 FORTRAN SUBROUTINE TO CALCULATE THRUST AS A FUNCTION OF
C TRUE AIRSPEED IN KNOTS
C NOTE#** THIS PROGRAM USES THE COMMON LIST ELEMENT -THMOM4. (LIST4) 4S THE
C GROSS THRUST FROM THE SLOWING SLOT

INTEGER CAQDPQINTsPAGEF RFAL LIFT#MACH#KTOF#NMTOF#IVV

COMMON /LISTI/LINE.PAGELIMiTCARDPRIN4TINP, IPUNCHuIDATEHD(60)
COMMON /LIST2/DELTDALFARTHRTL.GAMRHINDVTF.WToHF.LDT.TIMS.XF*
*FUELMACHVWF.LIFT.DRAG.THRSTRCFoENGNO.THV. IN
COMMON /LIST3/CL.CD.S.OS. THIRALTHRCLMAXAR.CLAR.CMACG.ALPHD.CXs
*CZQIMOM.WINCR.CMOMPOSCALMXRVSF.BW
COMMON /L IST4/FFS..JPOW.TGROS ,OWA.THMOM. TKREO
COMMON /LtST5/ SIGSOUNDNUTEMPPAMB. IATMTEMFDSOOH.DRHO
COMMON /LIST6,RTOOOTORKTOFFTOKNMTOFFTONM.RHOZ.RHOZ2,GZPZTZI ~COMMON/LGEOM/SHSW.SCROOOTRTHDTHTHP-,WADTHWA.OSTHZ.DWLHZ IVY.#
I XCG.ZCGCBARPFN.SINYHCOSTH.ANGLESINAL.COSAL.RHZ.OTHHZ.VTS~o
2 ULnOTtWDOO!THETR*UtW
COA4MON/CONTROL/JFIG. IREV. ISP *NENG

DIMENSION VKS(2O).THST(20),RDRG(2O).TIDL(20).TSLT(20),TREV(20).

I DWME(20)

DATA ENGNO*SCALE*NENG/4*uol*0,1/

C DFFINITION OF VARIABLES IN NAMELIST *THTI'
C N- NUMBER OF XsY POINTS IN EACH TABLE
c VKS- THE VELOCITY TABLE FOR THE PROPULSION TABLES IN KTAS
C (USED AS THE INDFPENDENT VARIAPLE IN ALL TABLES)
C THtT-GPOSS THRUST TABLE AT MAX POWER (IN LE8S.)

IMC PDOG-RAVM DRAG TABLE AT MAX POWER (IN L8S.)
C TInL-GROSS THPU'iT TAFLE AT IDLE POWER (IN LFSSs)
C TSLT-GQOSS THRUST AT THE SLOT EX~IT tIBF CONFIGS) AT MAX POWER (LBS)
C TQFV-MAX REVERSE THRUST (EXPRESSED AS A NEGATIVE VALUE - IN LSS.)
C OWME-WINDMILLING DRAG FOR A DEAD ENGINE (IN L'ES.)
C
C TmID-THRUST VECTOR INCIDENCE REF. TO A WArER LINE IN DEG*
C ENGNO-THE NUMBER OF ENGINES
C SCALE-SCALING FACTOR FOR THE PROPULSION DATA
C NFNGWO NO REVERSE THRUST
C at ALL ENGINES PFVFOSING^
C u2 ENGINE OUT PEVERSING PROCEDURE

C THE* FOL-LOWING VARIASLES ARE ENTEREtD AT TIME OF LOADING AND ARE USED
C UNTIL OVERRIDDEN BY READING THE APPROPRIATE VARIABLES IN YHT)
C FNGNO 4*40
C SCALE * 1.
C NENG IIAEITTT/oK*NTPR#IL*STTE*~DCGOSACNN
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WRITE(PRIN'rTTHT)
VMIROTHIqboDeO,1
ENGOENONO
OFTURN

5 VTKaVTF*PTOK
CALL FIND(NoVTX#DWA*VPCS#RORG)
CALL P1NOCN*VTK*THPST*VKS*THS.T,
CALL FtND(NsVTKoWM0,VKS.OWAIE)
tP(ZREV*GT*o.) GO TO 50
THmOM a 0.00
fF(.jPIG9LE*2) GO TO 10
CALL FNO(N*VTK.THMOMoVKSsTSLT)

10 1?HRL*EO*1*0) GO TO 25
CALL FIN0(N*VTKsTHIOL*VKS#TIOLI
PAT 10. YH1OL+TI.PTL*(THRST-THJI.J )#THRST
?IPST*THAST*RAT 10
0 WA*D0WA *RAT 10

25TNM0MvThMOM*rQAT 10
2tTGROS&THRST*ENGNO*SCALE
OWAuDWA*EIIGNO*SCALE
tINEFNG*FO*21 DWAROWA4WMO*SCAtJ!
YMMO~I.TNMOMNENGNO*SCALE
PETURN

50 CALL F1NO(N*VTKaTf4PEV*VKSoTREVI
CALL F1NO(NsVTK*THIOLsVKS*TI0L)
1P(tIENG*EO*O)GO TO 65

4 1IF(NENG*E0.1 100 TO 60
THRST*Tb1REV*(290*PLOAT (ZFIX(MNGNO/2.,.O0OOI)))+THtJDL

75 TGROSeTHQST*SCALE
OWAn0WAOSCALE *ENGNO
IP(NENG*EO#21 DWA*OWAGWIWO*SCALE
T,4MOM a 0

60 T#.QSTuTHQEV#( e?4NQ...p *)+THI D*2*
GO TO 75

65 DWAmASS ( WA#T~ ? L/TNRST)
THQSTmTH1%*9NGNO
GO TO 75
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SUBiROUTINE 1RIM4N*A#V*PV*T#K) K
C FORTRAN SUOROUTINE WHICH TRIMS N VALUCS OF ACCELERATION44AI TO ZERO K
C BY VARYING N INDEPENDENT VARIABLES MV& K

C PV s15 A SET OF PERTURBATION INCREMENTS FOR I V) TO USE iroR K
C ESTABLISHING $DERIVATIVES$* K
c T 1S A SET OF TOLERANCES TO THE VALUES OF (A) WHICH MUST K
C BE SATISIFIED. K
C TMI'S SUBROUTINE CALL.S SUBROUTINE SMLT2* K

K
DIMENSION A(N).V(N).PV(N).T(N).O(6.7),V(6) K

FOUIVALENCE (D(1,ID~sV~)) K

IF IK) 10.10.60 K
10 00 20 sIsIN KE* IF tABS(AlI))-T(t)) 20.20.30 K
20 CONTINUE K

KuN*1 K
RWTUQN

30 Kai K
40 O(~I,)e-A(I)

80 V(K)oVIK)+fPVK) KIFRETURN K
VIK)oV(K)-PVtK) K
IF IK-NI 80,90.90 K

e0 KNK*t K
Go0T050 KI:90 CALL SMLT2(M*DI K

100 Vtl)eV(I!.oV(t) K

RETURN K

Embl K
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APPENDIX H

PROGRAM AND SUBROUTINE FLOW CHARTS

The following flow charts are contained in this appendix.

Title Description Page

It MILSTOL Main Program 1-1

.MILSTOL Overlay Dump Program 11-3

AEQFM Equations of Motion Subroutine 11-4

AERO1 Aerodynamic Data Subroutine 11-8

ALIN Linear Equation Function 11-10

ATMOS Atmospheric Properties Subroutine I1-I1

FIND l-Dimenslonal Table Lookup Subroutinm Ui-13

GILL Integration Subroutine 11-14

GINTG Integration Driver Subroutin Il-16s

HEAD Page Heading Subroutine 11-17

I.NTP2 Curve Fitting Subroutine 1I1 ,18

KABD Hyperbolic Curve Fit Solution Subroutine 11-19

LAGRA Lagranian Interpolation Subroutine I-203

LANDING Landing Trajectory Driver &Sbroutine 11-2-

-LOOK 3-Dimeslonlo Table Lookup Subroutt W- U-28

NWR.P2 Noulo-Wrapson Intoratiou S mbroutine 11-37

SKIP Page Eject Subroutine 11-38

SL Linear Slope t tion 1I-4(0

SM LT2 Sinmultnous Equation Solution Subroutine 31-41

TKEOFF T-keoff Trajectory Driver ,uboutbne Ut-43

THSTI Propulstio DXta Subroutine 11-51

TRIM Alrcrkft Trimming Subroutin 11-53
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